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PREFACE TO THE SECOND EDITION. 



A 8SC0ND edition of this Treatise being called for by the 
publiC; I haye the gratification of placing on record the follow- 
ing testimonial of the opinion entertained of m j services, after a 
period of thirty-eight years devotion to the interests of the City 
of Dublin Steam Packet Company, to which I have referred in 
my pre&ce to the first edition: ' 

" Oity of Bablin Steam Packet Company Offices, 
" 15 Eden Quay, Dublin. 
'^BnoLYXD, That in consideration of Mr. Williams' long and active ser^ 
Tices, the publication of the Second Edition of his Treatise on Heat in ita 
relation to Water and Steam, shall be at the expense of the Company. 

" P. HowsLL, Secretary.** 

I have here also to state, that application having been recei ve^ 
firom scientific individuals in Paris, Berlin, and Turin, for pex*. 
mission to translate this Treatise, and the same having been 
granted, editions are now in progress in the French, GernoLa^ 
and Italian languages. 

In the present edition I have placed on record tbe prominent 
part taken by the Boyal Dublin Society in the advancement of 
the study of Chemistry in Ireland by their liberal invitation to 
the first Chemical Professor of the day, Humphrey Davy, in the 
year 1810, and their continued efforts for the promotion of 
Chemical Science, by a second invitation in 18lx^ to that dis- 
tinguished Professor, and their liberal contributio^ for his ser- 
vices. 



10 PRlUrAClB TO THE SECOND EDITIOK. 

To the present edition I have been enabled to add an addi- 
tional section on the subject of the Jet, when brought in aid of 
the natural draught in the furnaces of land and marine boilers 
— a subject which has not hitherto received the attention due to 
its merits. 

I haye carefoUy revised the work, and trust that it will be 
reoeiyed in the spirit in which it has been undertaken, namely, 
as an effort to partly reconcile and partly correct the anomalies 
which present themselyes on the subject of heat in reference to 
liquid and yaporous bodies, and to reduce the whole to an intelli- 
gible and practical theory, based on fhe Tecognised views of 
Dalt(m, ''the Nestor of the physical i 



Since the early sheets of this new -edition of my trea^tise west 
to pressf, I haye found that a serious tnisapprehansion exssis in 
the minds of some respecting the tenor of my remarks upon 
Dalton's yiews, in the chapter on the "Diflftision of Vapor." 
From what I haye there said, it has been inferred that Dalton 
specifically and pointedly represented that the yapor of water 
formed an exception to the ordinary laws of the diffusion of 
gases in water ; and hence I am supposed to haye Dalton him- 
self as my antagonist This, however, is by no means the case. 
All that I intended to imply in the chapter referred to is, that 
Dalton omits to mention the yapor of water as one of those elastic 
fluids or gases which mix mechanically with iwaiter when the twO 
are agitated together. 

On this subject he says, "K a quantity oE water ireei from air 
be agitated with any kind of gas, not chemically uniting with 
water, it will absorb its bulk of gas." Now, because he has not 
applied these words to yapor (which he asserts, and all chemists 
admit, cannot be distinguished from permanent gases), he is not 
to be supposed as dissenting firom the view which I have taken, 
yiz., that the yapor of water does maintain its identity and prop^ 
erties as an elastic fluid, when mixed with water. The ques- 
tion was never raised by him, or in his time, and he has not said 
any thing that con be taken as contravening that view. 



PREFACE TO THE SECOND EDITION. 11 

It may be well, then, here to add a ooiisideration which tends 
to show that there are sufficient grounds for believing that the 
water only acts the part of a medium with which vapor mixes 
mechanically, as it does with other gases or elastic fluids. We 
know that oxygen, an elastic fluid, mixed with water retains its 
separate identity and the property of repulsion among its own 
atoms; also, that air, which is a compound of two elastic fluids, 
oxygen and nitrogen, when mixed with water retains its separate 
identity and characteristics. Nay, further, that the compound 
of an elastic fluid and a solid body, as carbon, forming the gas 
called carbonic acid, retains the separate identity of its particles 
when mixed with water. Why, then, should we be precluded 
from applying the same reasoning and analogy to the compound 
of oxygen and hydrogen when they form the elastic fluid vapor 
or steam, which, as all chemists at&nit^ cannot be distinguished 
on any principle from other elastic fluids? 

Chablbs Wye Williams. 

LmurooL, AprA, 1861. 



PREFACE. 



Pbofessob Milleb opens his chapter on heat hj observing: 
— "Upon the due understanding of the principles and applica- 
tion of heat much of the successful prosecution of chemical 
research depends." Under the conviction that the knowledge 
of these principles, as regards the application of heat to liquids, 
is still imperfect, and capable of a large extension, the views 
presented in this volume are submitted to the general reader. 

The several changes of which the element, water, is susceptible, 
under the influence of heat, have attracted the attention of philo- 
sophers in all ages. Many have made them their special study, 
and have given the result of their researches in elaborate publi- 
cations. So numerous, indeed, have been these works, and so 
universal the inquiry, that it would appear ahnost impossible 
to supply any additional facts, or throw any new light on the 
subject On a close examination, however, of the works, even 
from the highest authority, we find so much of doubt, variance, . 
and even contradiction, as to* suggest the absolute necessity of 
ftirther investigation. In pursuing the inquiry, the ablest among 
us will discover, not only that much has still to be learned, but 
more to be unlearned, b^ore we arrive at a true knowledge of 
the relation which heat bears to liquids and aeriform matter; and 
that, notwithstanding the miraculous speed with which the march 
of chemical science has progressed, we are still but on the thresh- 
old of this inquiry. 

A co'nsideration of the laws of heat, in reference to this depart- 
ment of science, is not only a branch of the highest philosophy, 
but is intimately connected with the ordinary concerns of com- 

13 



14 PREFACE. 

mercial life and social progress. Among tbe objects in imme- 
diate connection with this subject may be classed all that has 
reference to steam, and its uses in the steam-engine, whether for 
manufacturing purposes or in steam navigation. It inyolves all 
that belongs not only to the generatum, but the appJieaiion of 
steam, thus embracing a wide field of inquiry. In this point of 
yiew, then, the present treatise may be regarded as but an open- 
ing of the subject — an outline or programme of that inquiry 
which wiU hereafter be found to embrace meteorology, and elec- 
tricity, with an ultimate attainment of perfection in the steam- 
engine and its wonderful adaptation to the wants and business 
of mankind. 

It may be thought iieooasaty,wfaen asking for a share of public 
attention, that an author should apocount for his coming before 
the publio on a aalject which haa k)Bg and largely occupied the 
time and labors* of the highest inteilecty and sirould state the 
grounds of his pretensiona^ whai diflEearing from those who have 
gone b^re hhoo. To \lm reasonable necessity I submit^ an^ 
after tiie manner of Watt, have but to tell "^apkdnslmfP 

Not being a pT<fe$ri(mai chemist or engineer, to diffiar from so 
many who have higher claisB as publie instructors, may doubt- 
less appear presumptuous. In these days^ however, no writer, 
whatever may be his standing, can eapect that his mere ipee dixit 
should dispense with fbrther inquiry. There are now no secrets 
in chemistry <x philos(^hy. The highways of science are open 
to alL The laws of nature are ec[ually accessible by aU. On 
this we are aD on a par,* and the present woric, like those of 
others, must stand or Ml on its own merits. This is, in truth, 
as nMich ae oould be desired by any writer, no man's mere dictum 
being recognized as snffieient to ftegative the results of experi- 
mental philosophy, when examined under the inferences of right 
reason. Bvexy num, according ta the knowledge that is in him, 
stands befoTB the gr«at tribunal ofroommon-sense^ and under the 
judgment of contemponoieous information. 

If, however, a very long experience, coupled with an assiduous 
plirsart and devotion, during above half a century, both theoreti- 
csdly and practically, to the subjects embraced in the following 
pagesy cafi give any claim to a hearing, I yidd to none in this 



PBXFAOB. 15 

respect being perbaps the oldest man liying who lias devoted 
eqoal time and attention to the special objects here to be con- 
sidered* 

In the first years of the present century, being then the acting 
partner in a large bleaching establishment in the north of Ireland, 
where the new bleaching process was being introduced, chem- 
istry became an elementary branch of the business^ and to a great 
extent the very source and measure of success. In this^ my 
earliest studies were under the late William Higgins, then Pro- 
fessor of Chemistry to the Dublin Society, of which I was a mem- 
ber. I also attended the courses of the late Dr. Andrew Tire, 
who waa then lecturing on the commercial value of the several 
alkalies used in the linen-bleaohing process^ This led to a firiead-. 
dap, which ooatittued to the tune of his death, with that able 
attd accurate olmnist 

Being in continued communication with him, I subsequently 
consulted him on many points connected with the use of coal, 
which was beginning to be an important feature in the progress 
of steam navigation; and preparatory to the publication, in 1839» 
of my Treatise on the Combustion of Bituminous Coal, the Doctor 
aot only entered warmly into the subject, and in its reference to 
the eonstruction of boilers, but volimteered to revise my work 
as it proceeded, every proof sheet, as it came from the press, be- 
ing examined and corrected by his own hand. This could not 
&il to give me confidence in the soundness of the views and 
ehemioal accuracy in the details which formed the basis of ray 
treatise, and which ultimately secured its acceptance by tiie public^ 
and by many of the highest authority. (See testimonials hereto 
appended.) 

From WiUiam Higgins I heard the first enimciation of the 
(tl»mic thoorjf, subsequently ao ably developed and enlarged by 
DaltML That Hig^pns was the first' who discovered the true 
elements and basis of that tiieory was admitted by Davy himself 
and by the Swedish chemist Berzelius, and other Continental 
authorities. I have, indeed, the tract presented to me by Pro. 
fessor Higgins, in which he speaks indignantly of the denial of bis 
claim to priority, and the jealousy of Thomson in giving Daltou 
the merit to which he must have known he was not entitled. 
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At this time the Dublin Society took a prominent part in the 
advancement of chemistry, and specially invited Davy to repeat 
those lectures, and exhibit those admirable illustrations which 
Were then exciting so much interest at the Royal Society, 
London. The following extracts from the minutes of the Dublin 
Society explain in what manner this was brought about : 

May 3rd, 1810. 

BisoLTXD, That application be made to the Boyal Society, requesting that 
they will be pleased to dispense with the engagements of Mr. Davy, so hx 
as to allow the Dublin Society to solicit the favor of his deliyering a course 
of Electro-Ohemical lectures, in their new Laboratory, as soon as may be 
convenient, after the present coarse of chemical lectures shall have been 
completed by their Professor, Mr. Higgins. 

Bbsolvxd, That the sum of 400 goineas be appropriated out of the fdnds 

of the Society, to be presented to Mr. Davy, as a remnndration for the 

trouble and expense which they propose' him to incur, and as a mark of 

the importance they attach to the communication which they solicit 
* * * * * 

The following letter from Mr. Davy was presented, and ordered to be 
entered on the Minutes : 

To John Leslib Foster, Esq., M. P., Secretary to Dublin Society, 

Sm :— I had the honor of communicating your letter to the President and 
Council of the Royal Society, who desired me to express to you. Sir, and 
through you to the Dublin Society, the lively interest they feel in the pros- 
perity of that useful public body, and the desire that they have of promot- 
ing its important objects. 

On these grounds they have been pleased to permit me to be absent from 
the meetings of the Boyal Society, during the time that may be necessary 
for delivering a course of lectures, at the Laboratory of the Dublin Society, 
in the month of November next. 

Be pleased to express to the Dublin Society my gratefrd acknowledg- 
ments for the honor they have done me, in making such a proposition, and 
assure them that I shall use my best exertions to promote their views for the 
extension of chemical science, and every other species of useful knowledge. 

I beg to be permitted to thank you, sir, for the flattering manner in which 
you have had the goodness to convey to me theif proposal 
I am, sir, with great respect 

Tour obliged and obedient servant. 

May mh, 1810. H. DAVY, See. R. 8. 

I^auember ^ 1810. 

Mr. Boardman presented the following Report from the Committee of 
Giemistry: 
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It appearing to the Committee that there were present this day, at Mr. 
Professor Davy's lecture, 337 persons, and that there were 371 admission 
tickets, it is the opinion of the Committee that there will not be accommo- 
dation for more than the last nnmber. 

Bbsolved, That the Assistant Secretary be directed not to issue any 

more admission tickets for Mr. Professor Davy's present course of lectures. 

* « * * * 

November 29th, 1810. 

Bbsoltid, That the thanks of the Society be communicated to Mr. Pro- 
fessor Davy, for the excellent course of lectures, which, at their request, 
he has delivered in their Laboratory, and to assure him that the views 
idiich led the Society to seek for these communications, have been answered 
even beyond their hopes ; that the manner in which he has unfolded his 
discoveries, has not merely imparted new and valuable imformation, but 
further appears to have given a direction of the public mind towards 
Chemical and Philosophical inquiries, which cannot fail in its consequences 
to produce the improvement of the Sciences, Arts, and Manufactures in 
Ireland. 

Besolvsd, That the thanks of the Society be communicated to the Boyal 
Society, for their ready compliance with our request, in dispensing with 
the engagements of Mr. Davy, during the last six weeks. 

Bksolved, That Mr. Davy be requested to accept the sum of 500 guineas 

from the Society for his trouble. 

« « * « « 

June Idth, 1811. 
Bbsolvkd, That a letter be written to Mr. Professor Davy, requesting^ 
him to favor the Dublin Society, and the Irish public, with a further com- 
munication of the recent discoveries in Chemical Philosophy, and to deliver 
a course of lectures in their Laboratory for that purpose, in the months of 
November and December next; and requesting that he will also repeat to 
them, at the same time, the course of lectures in Geological Science, which 
he has read this year to the Boyal Institution ; and that he will be so good 
as to procure for the Society, copies of as many of the geological sketches 
referred to in that course as he may think necessary for the elucidation of 
the subject ; and further requesting him to superintend the construction 
of a Voltaic Battery of large plates, for the use of the Society, to be trans- 
mitted to them in time for^ese lectures. 

Besolvkd, That a letter be written to the Boyal Society, expressing the 
conviction of the Dublin Society that these communications from Mr. Davy 
will tend materially to the advancement of Science in Ireland, and request- 
ing that they will be so good as to dispense with Mr. Davy's'^ixgagements 
at the time referred to. 

Bbsolvbd, That in the event of Mr. Davy and the Boyal Societv acced* 
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ing to the wishes of the Dublin Society, transferable tiekets be issued at 
the price of two guineas each, entitling the bearer to admission to both 
courses ; and that the issue of these tickets, their number, and all the 
arrangements necessary for the accommodation of the Society and the 
public be referred to the direction of the Committee of Chemistry. 
BssoLvin, That the Society feel it proper to renounce for their members 

any priyilege of gratuitous admission to the lectures. 

* # * * • 

December, 1811. 

[Sir Bichard Steele, Bart, presented a report from Hie Committee of 
Chemistry ; from which it appeared that all the different items of expense, 
including the geological sketches and voltaic apparatus, amounted to £327 
15s. Id. ; the total amount of money receired for tickets issued was £1,101 
2s. ; the excess of the receipt above the charge was therefore £773 6s. lid.] 

Under the circumstances your Committee beg to submit it as their 
unanimous opinion, and do therefore recommeid, that a less sum than £7M 
ought not to be offered to Mr. Davy as a remuneration for the two couxsea. 
Bichard Steele in the Chair. 

BisoLviD uKAimcousLT, That the thanks of the Society be communicated 
to Mr. Davy for the two excellent Courses of Lectures in Chemical and 
Geological Science, which, at their request, he has delivered in their labora- 
tory, full of valuable information, and which have not merely continued, 
but materially increased, the spirit of philosophical research in Ireland. 

Bbsolvid ttnandcouslt. That the thanks of the Society be communicated 
to the Boyal Society for their ready compliance with our request in dis- 
pensing with the engagements of Mr. Davy during the last six weeks. 

Bbsolvbd UNAimconsLT, That Mr. Davy be requested to accept the sum 
of £750 as a remuneration on the part of the Society. 

Janwiry 16, 1812. 
Hie following letter from Mr. Professor Davy was read : 

Dublin, Dec. 9, 1811. 
Sir : — ^I have received your letter inclosing a draft for £750, Irish. I am 
very much gratified by the thanks of the Dublin Society for the Course of 
Lectures which I had the honor of delivering in their Laboratory, and I am 
proud of their opinion that they will be useful to the Irish public. 

The attention, candor, and indulgence with which they were received by 
the audience, I shall remember with the warmest feelings of gratitude as 
long as I live. 

I have the honor to be, Sir, 

With much esteem, 

Tour obliged and obedient servant, 
B.W. Carthy, Esq., H. Davt. 

Ssc. Dublin Sooidff, 
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In the progress of bis first course of lectures, in 1810, he dis- 
tinctly recognized the claim of Higgins.* 

On the subject of the diffusion of gases, and the necessity of 
providing the due equivalent of atmospheric air in e£feeting per- 
fect combustion of the coal gas in the fiimace, I read a paper, 
accompanied by illustrative diagrams, b^ore Dalton himself^ at 
the meeting of the British Association, in Manchester, and which 
met his entire approbation. Independently of a theoretic study of 
the chemistry of combustion as a branch of the business in which 
I was largely engaged in Ireland, my attention was further drawn 
to the relative heat-generating properties of the several kinds of 
{ael, including coal, and turf— called peat in England-^-and which 
excited considerable interest at the time in the north of Ireland. 
In our own establishment the fiiel employed was tur^ and, hav- 
ing an extensive tract of bog land presenting aU the varieties of 
that valuable Aiel, I availed myself of the abundant opportunities 
thus afforded of ascertaining the most efiBcient mode of preparing 
it for manufacturing purposes. Subsequently I introduced, suc- 
cessfully, the use of turf into steam navigation on the river Shan- 
non, which had till then been peremptorily deemed to be impos- 
sible. 

In 1806-7 1 erected a large mill in Ireland, introducing a new 
description of machinery, by which a great additional power was 
applied in the process called beetling, and the finishing of linens. 
In that mill I also introduced, for the first time, the use of metal 
gearing, thus superseding the cumbrous use of timber for the 
teeth of wheels.! 



* In DubUn, Day/ lodged at the hoase of a ohomlBt of the name of Hogan. 
The latter observing that he did not seem to recognise the advance that had 
been made on the subject, took the opportnnitj of asking him if he had seen 
Higgins' tract on the atomic theory. Finding he had not, he put it into his 
hand. Dary aat np late, reading it, and, on the following morning, thank- 
ing Hogan, he said, ** Why, it's all here ! He is right ; the elements of the 
theory are here given." 

t HavingHhe eastings made at the foandry of Bdwards, in Belfast, when 
they were brought home my millwright absolutely refused to apply them* 
He had never seen any thing of the kind, and raised a strong objection to 
the use of iron ; and it was only under the threat of dismissal that he was 
Induced to attaoh them to the other part of the maobiaevy* 
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As regards the study and general application of chemistry to 
the arts, I have since, and unremittingly, watched the progress 
made during the last fifty years, to which Balton, Davy, and 
Faraday have so largely contributed. 

In 1822; being in constant communication with the late John 
Oldham, then at the head of the engraving and printing depart- 
ment of the Bank of Ireland — one of the ablest mechanicians of 
the day, and who was the inventor of the system of mechanical 
consecutive numbering of bank notes, since adopted in the Bank 
of England, and subsequently, in all railway stations — our atten- 
tion was directed to the improvement of the propelling prop>erties 
of the outside wheels of steam vessels, in consequence of the 
failure of a company which had been previously established in 
Dublin, and for the settling of the differences between which and 
the contractor and builder, the late Mr. Bogy, after a protracted 
litigation, I was appointed arbitrator. My decision was, that 
one of the vessels should be handed over to the contractor, and 
his legal expenses paid, which were considerable.* * 

In connection with Mr. Oldham, and after numerous experi- 
ments on the large scale, and at the expense of above £1,000, 
borne by me alone, a patent was taken out for a revolving or 
feathering wheels which went under the name of the Oldham 
wheel, the cost of which patent (near £400) was paid by me. 

My connection with this improved mode of propulsion, and 
my confidence in its success, became the direct inducement for 
forming a company which should undertake the conveyance, 
not only of passengers, but of merchandize, and continue as a 
regular trader, throughout both winter and summer months, 
between Dublin and Liverpool, which had not hitherto been 
i^ttempted. 



* Two yesBelfl had been bailt for that oompanj, each of which had bnt a 
single 20-horse engine, the movementB of which were regnlated by an ordi- 
nary fly-wheel of twenty feet diameter. In these yessela the wheels were 
uncovered, and being thus without paddle-boxes, the spray from them, 
wlien in motion, completely covered the vessel to such an extent that the 
captain resigned his command after the first trial, alleging that the rhea- 
matism, to which he was liable, would be so increased by the eontinned 
shower of spray as to nnflt him for the service. 
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One important peculiarity of the improved wheel was, that 
when applied to fjpeight-carrying vessels, their great immersion, 
when laden, would not impede their free action. 

This first company was then established, pursuant to the pro- 
visions of an act of the Irish Parliment, the 21st and 22d George 
ni., called the ArumyTrums Partnership Act. The conditions of 
that act were peremptory. The capital was not to exceed £50,000. 
The partnership deed was to be registered in the name of some 
one of the shareholders, who was called the ** acting partner,^ 
he alone being subject to the bankrupt laws, all the others being 
''sleqaing partners,^^ with a liability limited to the amount of their 
respective shares, but on the express condition that neither directly 
nor indirectly should they interfere with the management or pro- 
ceedings of the acting partner. 

Tinder these conditions the entire risk, responsibility, and man- 
agement were thrown on that acting partner. With this condi- 
tion, which I made a sine qud non of my proceeding, the company 
was registered under the firm of Charles Wye Williams and 
Company, the capital of which consisted of fifty shares of £1,000 
each, the partners being but thirty-two in number. 

Under that firm the first two vessels, the Oity o/DniUn and 
Town of Liverpool, were constructed in 1823; and it is not a little 
curious to look back at the difficulties that had to be encountered 
at that early period of steam navigation. I had then to meet the 
objections and allay the fears of many of the first mercantile 
houses, and the indirect hints from some of my own partners on 
my ''rashness" in having ttuo vessels built, instead of being satis- 
fied with what was characterized as a "safe, snug company," by 
beginning with but a single vessel, to feel my way. In truth, had 
not my partners been boxmd by deed not in any way to inter- 
fere, under the risk of personal liability, no more than one vessel 
would have been proceeded with in that year. 

The success of the company, however, was such as to call for 
increased capital and more vessels. New capital was then obtained, 
and four additional steamers were laid down, viz., the Sihemia, 
Britannia, Manchester, and Leeds, 

The Company having thus outgrown the provisions of the 
Act, took the title of the "Oity of Dublin Steam Packet Chmpofny,^^ 
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under a new deed, in which I was named the managing director, 
in whom was vested the entire executive, with a board of seven 
directors for the financial and other departments of the Company. 

The intercourse by steam navigation continuing to increase, I 
applied, in 1828, to the then member for Liverpool, the late 
William Huskisson, and through his influence obtained the Com- 
pany's Act of the 9th of George IV., entitled "An Act for regu- 
lating and enabling the City of Dublin Steam Packet Company 
to sue and be sued, and thereby to encourage the use of vessels 
propelled by steam in Ireland." 

This act was obtained especially to enable the company to 
place suitable steam vessels on the river Shannon, wkere a small 
iron vessel, of 10 horse-power,* had already been placed by the 
late John Ghrantham, C.E., who had just finished a survey of that 
river under the direction of the late John Rennie, C.E. 

With the view of inducing the Government to improve the 
navigation of that noble river, I published, in 1832, a tract on 
the inland navigation of Ireland generally, pointing out the capa- 
bility of establishing an intercourse along that river of no less 
than 200 miles, from Lough AUen in the north, to the sea, forty- 
six miles below the City of Limerick. 

The publication of that tract led to the appointment of a com- 
mission, under Colonel Burgoyne (now Lieutenant-General Sir 
John Fox Burgoyne), and Colonel Jones (now Lieutenant-Gen- 
eral Sir n. D. Jones). The result of that commission was the 
passing of an act under which a sum of half a million sterling 
was expended on the improvement of the navigation. 

Since then, the company have obtained fbrther acts, namely, 
that of the 6th and 7th William IV., and, lastly, of the 28d Vic- 
toria. This last was obtained in the present year (1860), for the 
special purpose of enabling the company to raise additional capital 
for the construction of four steam vessels of the largest class, for 
the conveyance of passengers and mails between Holyhead and 
Kingstown within a given number of hours, under contract, and 
in concurrence with the London and North- Western Railway 
Company. 

* This engine was oonstruoted by the late Aaron Hanby, at Tipton, Staf- 
fordshire, and has continued to this daj in perfect working eondition. 
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In conneotion with the late Francis Carleton, whom I had 
appointed a oo-manager of the City of Dublin Steam Packet Com- 
pany^ we undertook the establishment of a Transatlantic Com- 
pany, and began tlie service with the Eoyal WilUam steamer, 
which -^bssel made several voyages to New York. For this pur 
pose the additional steamer, the Oreat Liverpool, was purchased 
from the late Sir John Tobin, and this vessel also made three 
voyages. 

This new Transatlantic Company proving to be a losing con- 
cern, was broken up under the conviction that no private asso- 
ciation could be sufficient for such a service unless supported by 
an adequate public subsidy. 

In conjunction with Mr.Carleton and the Directors of the then 
Peninsular Steam Company, a new Company was formed under 
the title of the Peninsular and Oriental Steam Navigation Com- 
pany, the steamer the Oreat Liverpool being transferred to that 
Company, and forming one of the then fleet for the service of 
India vid the Bed Sea and the overland route, under Government 
contract. 

Such was the in&nt state of steam navigation in 1828, when 
the. first two vessels were constructed, that although a contract 
was made with the most eminent engineer of the day for the 
engines, and an equally eminent shipbuilder for the hull, they 
could not be prevailed on to confer on the many points on which 
a common interest and purpose might be expected to have made 
them equally zealous. Among these was the important ques- 
tion of the mode of securing the engines to the ship's timber fram- 
ing. This, however, was the very point the responsibility of 
which both contractors were most reluctant even to consider. 
The engineer disclaimed any knowledge of ship-building, and 
would not be accountable for any thing connected with it. The 
shipbuilder, on the other hand, expressed his ignorance of what 
beh>nged to the steam-engines, and declined responsibility in 
reference to the mode or means of attaching them to the timber 
hull- 

Feeling the vast importance of the subject^ I was compelled to 
be my own engineer; and having had a template, or pattern, 
inade of the bottom or bed-plate of the engines, I was obliged 
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with my own hand to mark the position of each of the sixteen 
holding-down bolts, bj which the engines were to be secured to 
the ship's framing. As I had apprehended, not one half the 
number of these large bolts would have gone through floor tim- 
bers, but, passing between them, haye had no other holdhg than 
that of the 4-inch outside pine planking of the vessel — ^manifestly 
wholly inadequate to the purpose of permanence or stability. 

The only alternative that remained was the insertion, at a con- 
siderable expense, of additional floor timbers to fill the spaces 
where the holding-down bolts passed. To keep these in their 
places I had four additional sister kelsons added, two on each 
side ; and on these, and through the floor timbers, the engines 
were successftdly secured. 

Strange as this will appear to the builders and engineers of 
the present day, nevertheless, not in the first only, but in the 
second vessel idso, the same difficulty had to be encountered and 
the same process pursued. This suggested the absolute necessity 
of employing a competent engineer for the Company, thus to com- 
bine the operations of the contracting engineer and the ship- 
builder, and which subsequently led to having but one contractor, 
who should undertake the construction both of the engines ^and 
the building of the hulls. 

In the first vessel, in 1828, the wheels were constructed on the 
feathering principle of the Oldham wheel, already mentioned. 
These, however, were manu&ctured so imperfectly, that they 
were ultimately changed for the ordinary fixed floats. The 
principle of the wheel was, however, unobjectioiiable; and was 
subsequently adopted with some mechanical modifications, and 
became general imder the name of MorgaviB Feathering- wheeL 
Both plans may be seen in the first quarto edition of Tredgold's 
large work on the Steam-engine, where the preference is given 
to die Oldham wheel. 

Having a deep interest in the success of steam navigation, in 
September, 1837, 1 made a communication to the mechanical sec- 
tion of the British Association, on Improvements in the Construc- 
tion of Steam Yessels, by dividing the vessePs hull into sections^ 
each of which should be water-tight^ by the introduction of plate- 
iron bulkheads. It is needless to observe on the value of these 
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partitioiiB; they are now nniTersallj introduced into all iron 
steamers, and have already been the means of preventing the 
loss of several vessels under collision. 

The management of this Company during so many years 
necessarily required a continued study, with a practical applica- 
tion of all that belonged to the use of fuel, both on the score of 
efficiency and economy; in a word, to all that belonged to the 
generation of heat^ and the application of that heat in the gener- 
ation of steam. On these heads, then, I may claim as large and 
extensive an experience as any man living — not merely en ama* 
teur, but professionally and as a matter of business, both mechani- 
leally and commercially. In immediate connection with ste^m 
navigation, then, I have had the experience of thirty-seven 
years ; while, as regards the value and use of fuel, the construc- 
tion of boOers and fiimaces, and all that pertains to the obtain- 
ment of perfect combustion, I may claim the devotion of a life- 
time. 

Of this latter, the result of my long experience has been given 
in the treatise on Combustion, under the immediate correction 
of the late Dr. Ure, already referred to — a work now in its 
fourth edition, it having also been translated into French under 
the immediate auspices of the Minister of Marine in France. 

Of the former, as regards the generation and application of 
steam, the present treatise may be described as a selection of 
extracts firom the laboratory memoranda of the last Meen or 
twenty years. 

On the last subject it has in general been taken for granted that 
the theories of those who have already embodied their views in 
numerous publications were unassailable, and had exhausted the 
subject Li common with others^ I participated in that confi- 
dence. Embarrassed, however, by the anomalies and contradic- 
tions which continually presented themselves, there appeared no 
alternative but that of undergoing the labor of experimenting 
and examining for myself. lu pursuing this during a series of 
years, it became evident that much of the complication in which 
the subject was involved was purely imaginary, and was the 
result of beginning at the wrong end of the inquiry, and assum- 
ing bases for which there was no reliable authority. With all 
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my devotion to Watt in particular, in which I yield to no tnan, 
there was no alternative, nnder the force of conviction and the 
" inexorable logic of facts," but the admission that there was 
some source of error both in his theory and practice which had 
still to be proved, in reference even to his great discovery of the 
condensation of steam in his engine.* 

Convinced of the value of experimental philosophy over mere 
theory, instead of looking for truth by the aid of mathematical 
formulaB,. which but too often perpetuated and gave a quasi con- 
sistence to error, I followed the systems adopted by Davy, and 
mainly by Dalton, of reducing each view to a visible representa- 
tio^i — thus bringing physical certainty ia aid of theory, adhering 
to Balton's conviction that "no omception vxis clearly grasped by the 
intellect if it could not be visibly embodied to the outtvard senses^'* — (a 
dictum which is here strongly recommended to the attention of 
all theorists and experimenters), thus studying nature's laws under 
the process of experiment, which, as Roger Bacon observes, is at 
the root of all our senses, and further, that "among the grounds 
of human ignorance are, the trusting to inadequate authority and 
the force of custom. As the slaves of habit, we are still found 
following the untaught crowd, and flinch from the wholesome 
phrase, we do not know, the remedy for which is honest research, 
original and independent thought^ with strict truth in the com- 
parison of what is already known by others." 

In the course of my experiments, I became convinced of the 
unity and simplicity of the mode by which those laws of nature 
are regulated whereby the wondrous and effective power of 
steam is brought about Under those laws, each single atom of 
a liquid, by the influence of what we call heat or electricity, be- 
comes endowed with peculiar properties, while mere accumula- 

* ^*0t all ezpoanders of a great disoorerj, it is well known that the dla- 
oorerer himself is one of the wont. Nature, in truth, diyides her work. 
To one man she assigns the task of originating a new thought : to another, 
that of imparting to it a fitting shape, and adapting it to the uses of man- 
kind. So disooTeries become known and spread. The populariser suoceeds 
to the philosopher. Sometimes these oo- workers onlj suooeed each other at 
long intervals. Sometimes the expositor follows quiok upon the thinker: 
but, quickly or slowly, he must come. The kaWf is no less essential thaa 
the wkat.**'-'Phtfnologieal RiddU$* 
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tioQ; or increase in number; beoomes sufficient to produce all we 
experience in the changes of temperature, expansion of volume, 
and pressure. 

No claim is here made to original thought, such as we rightlj 
attribute to Watt in his conception of the separate yessel — the 
condenser. Merit is claimed alone for a patient and persevering 
inquiry into the processes of nature. Pursuing a similar course, 
our study should be not in the vainglorious and pedantic dis- 
play of mathematical formulas, in the manner of Pambour and 
some others^ but in an examination of the materially-useful laws 
which govern the union of heat with liquid matter, and the de- 
velopment of physical causes by physical means — ^thus tracing the 
simplest processes of nature to the production of the most com- 
plex results. 

Hitherto, in merely assimiing the existence of certain laws, we 
have been too prone to reject whatever appeared to be opposed 
to them or to recognized authority. Disbelief then became the 
resource of uninquiring minds, not unfrequently accompanied 
by a fling of ridicule, or a charge of presumption, against such as 
diflfer from those who have gone before them, as if every advance 
in knowledge was not equally open to the same charge. The 
views stated in the following pages may possibly have to undergo 
the same process of disbelief. We, however, no longer live in a 
Chilean age. Public opinion and judgment can no longer be 
controlled by an uninquiring submission to supposed authority, 
or dictated to by the unreasoning censure of custom. Magna est 
Veritas et prmaMnt 

Finally, in the following pages I have shown that there are 
sufficient scientific and reasonable grounds for asserting — 

1st. That water, or its atoms, can neither be heaied nor eoffparkded, 
and still retain the character of liquidity, and the property of 
attraction among their fellow atoms. 

2d. That the prevailing theories as regards ebulUtwn, are alto- 
gether erroneous. 

8d. That the so-called bailing-point, as regards temperature, is 
merely that point at which the water is charged with vapor to 
saturation, under the true Daltonian theory, the water acting the 
part of a mere vacuum. 
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4tli. That we have strong grounds for bdieving tbat there is no 
difiference between the cat^M which produces divergence and mutual 
repulsion among the atoms of a liquid on becoming vapor, and 
that which produces a similar divergence and repulsion in the 
pith-balls or gold leaves of the electroscope. 

5th. That if there be such a thing as Thermo-EIectricity, we are 
warranted i]^ concluding that it acts, in the same way, and on a 
similar principle, on atoms of a liquid as on those of other bodies. 

6th. That we have rational grounds for believing that eacph- 
sums in steam-boilers are frequently the result of the accumulated 
steam (present in the body of the water) being suddenly released 
by the removal of the pressure from the denser medium of the 
water into the UgfUer one of the air. 

7tL That Watt's theory of steam being condensed, and recon- 
verted into the liquid state^ by the direct action of cold water, is 
altogether erroneous. 

8th. That vapor or steam cannot give out its heat to water, 
and is but mixed, mechanically, with it^ oit the true Daltonian 
theory. 

9th. That we have no grounds for inferring that there can be 
more units of heat in a body of steam than there are distinct atoms 
of the matter of water, each of such atoms having its own equiva- 
lent of heat, electricity or otherwise combined with it — ^accumu- 
lation being the sole grounds of expansion and pressure. 

CHAELES WYE WILLIAMS. 
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SECTION L 

OF THE THREE STATES OF WATER. 

In this branch of the inquiry we have to consider the 
difference, chemically, physically, and dynamically, be- 
tween the several states in which th^ element, water, has 
to be dealt with, and the identities which characterize each; 
these are: 

Ist. Crystallized, as Ice. 

2d. Liquid, as Water. 

3d. Gaseous, or triform, as Vapor. 
The conditions and properties of water in these several 
states are determined solely by the equivalents or quanti- 
ties of heat combined with the water in each atom respec- 
tively. 

Of the chemical constituents of water, eacb atom is a 
compound of one equivalent of hydrogen and one of oxygen* 
Upon the relative weights and volumes of these all chemical 
authorities are agreed, and they need not here be further 
considered. The properties of water, physically considered^ 
when in the state of ice^ resemble those of other solid 
bodies in this respect, that its atoms are in close contact^ 
have strong cohesive powers, and are incapable of motiou 
or change of position, inter se. 

In the state of Uquidj immobility is changed to mobility, 
with a strong attraction among its several atoms or par- 
ticles. 

In the state of vapor^ further changes take place. Attract 
Hon and mobility give way to mutual repulsion and diver^ 
gence. 

31 
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We are sensible of the presence of water atoms in almost 
all states and forms of matter, and of the difficulty with 
which chemists have to contend from their presence. 

The quantities of heat inherent in water in each of its 
three states are, in the general opinion of chemists, as 
follows, viz.: the latent heat of ice 40^, that of liquid, 140°, 
and that of vapor, 1,000°. The first two are supposed to 
be ascertained by certain physical tests ; the last, however, 
can only be received as an approximation to what cannot 
be determined with &j certainty. 

If^ then, the maximum heat contained in ice be 40° 
latent and 32° sensible, the inference would be that each 
atom of the crystallized mass, on receiving an additional 
unit of heat, would have its statical conditions altered ; 
that, losing its crystallized form, it would separate from 
the mass, and become part of a fluid or liquid body. 

The same process, necessarily, would take place on its 
receiving a further unit of heat beyond what it is capable 
of retaining in the liquid state. Its stattis would then 
undergo a fiirther change, and become gaseous or vapor. 
In both cases, namely, the passing from the soUd to the 
liquid, and from that to the state of vapor, we see the 
remarkable changes which supervene, distinguishing the 
peculiar characteristics of each. 

When Dalton first enunciated the property in elastic 
fluids of mutual repulsion^ the immediate effect of which 
he termed diffusion^he also showed that ^^ vaporized bodies 
cannot be distinguished, on any scientific principles, from 
permanent elastic fiuids." These results should be borne 
in mind throughout the inquiry, as they form the bases 
of those effects which are exhibited in the various combi- 
nations of heat with Uquids of all descriptions, from water 
to mercury. This principle of mutual repulsion^ whatever 
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may be the cause, becomes then the main element, which, 
in opposition to gravity, forms the great characteristic of 
all elastic fluids. 

We will now endeavor, symbolically, to mark the several 
combinations of heat with the matter of water in its three 
several states^ On heat being applied to a body of ice, the 
cohesive property of the constituent particles, which come 
into contact with it, is lost. The particles separate from 
each other, and, &lling from the mass by the force of 
gravity alone, form a liquid. 

Now, as the thermometric temperature of the ice was 
32^, and that of the liquid also 32^, it follows that the 
entire of the heat communicated, and by which the change 
was effected, must be considered as in the latent state. If 
an atom of ice, then, be represented by HO+C" — ^namely, 
one equivalent of hydrogen, one of oxygen, and one of 
caloric, or heat — ^the liquid atom will consequently be 
HO+C^^ or HO, plus two of caloric. 

If heat be continued, such of the Uquid atoms as may 
receive each an additional unit will then assume the vapor- 
ous form, and, as it had previously received its ftill comple- 
ment of latent heat, this additional unit will consequently 
be sensible, or available heat, and as such will act on the 
thermometer. The atom of vapor may then be symbo- 
lized thus : 

H O C^», or, H, Hydrogen. 
O, Oxygen. 
C<^C^C% Caloric. 

Vapor atoms may then be stated as the union of one 
atom of the liquid and three units of the heat — say two 
of latent, and one of sensible. 

We will now proceed to consider practically the gener- 
ation of vapor, from water, in the mass. 
3 



SECTION IL 

VAPORIZATION. 

There is nothing more remarkable than that with so 
many works proceeding from writers of high authority, 
and on a subject that has so deeply engaged the attention 
of philosophers* and chemists, there should still be so much 
that is but imperfectly understood respecting heat, in con- 
nection with water. No writer has yet given satisfiu^tory 
views on the following points, viz.: 

1st What is vapor t 

2d. How and where is it formed 1 

3d. What are its special properties? 

4th. In what does it differ physically and dynamically 
from water? 

6th. What are the relative proportions of latent and 
sensible heat in either? 

6th. What relation has it to electricity? 

All assume that the statements of those who profess to 
have examined the subject were based on weU-defined and 
accurate experiments. The various modes, however, in 
which the process, and even the term vaporization^ have 
been described, have in no small degree complicated the 
subject, and manifestly suggest the necessity for further 
inquiry. Had writers concurred in adopting any one 
theory of vaporization, there would have been less room 
for misgivings. When, however, we find scarcely any 
two agreeing, even on elementary points, this alone is suffi- 
cient to raise serious doubts as to whether any have given 
a true account of the process. 

34 
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Strictly speaking, vaporizaHon means the single process 
of converting atoms of a liquid into those of vapor. ^Num- 
erous instances might here he given, not only of the mis- 
application, both of the term and the process, but of the 
confounding it with others ; in particular, with that of 
evaparatian. Turner* says : " Vaporization is conveniently 
studied under two heaiis—dmlKtian and evaporation. In 
the first, the production of vapor is so rapid, tiiat its escape 
gives rise to visible commotion in the liquid. In the 
second, it passes off quietly.** 

That vaporization cannot be studied under either head 
is evident, seeing that vapor may be formed without ebul- 
lition or any visible commotion whatever; and as to 
rapidity — that being solely determined by the rate at which 
heat is absorbed by the liquid — as much vapor will be 
generated, in any given time, by the same quantity of heat, 
whether with or without ebullition. In contradiction to 
this statement, then, it may, in limine, be broadly said, 
that neither ebullition nor evaporation have any immediate 
connection with vaporization. 

Dr. Lardner gives a different view of the subject, viz, : 
"When a liquid boils, vapor is formed in every part of its 
dimensions, and more particularly in those parts which are 
nearest the source of heat; but liquids generate vapor 
from their surfdces at all temperatures." How vapor can 
be generated at the surface of a liquid without a further 
application of heat, is an unexplained mystery. Equally 
so when it is said, "Vapor is formed in every part of its 
dimensions." In such case, where is the heat to come 
from by which the liquid atoms are converted into vapor, 
or how is it to arrive at the interior of a body of water 1 

« "Slementa of Chemistry," ^7 Edward Tnrner, edited bj Baron Liebig, 
Frofesior of Chemistry in the Uniyersity of Olessen. 
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In a popular work on steam, we have an epitome of the 
almost universally received theory, and which it is here 
proposed to question and mainly to disprove: 

" When heat is first applied to a hody of water, a rapid 
circulation of the fluid ensues. The water at the bottom 
being first heated and expanded, becomes lighter than the 
rest, rises to the top, and is replaced by the current of 
cooler water descending to receive in its turn a further 
accession. By-and-by small globules of steamy formed at 
the bottom, and surrounded by a film of water, are observed 
adhering to the glass : as the heat increases they enlarge ; 
in a short time several of them unite, form a bubble larger 
than the others, and detaching themselves from the glass, 
rise upwards in the fluid. But they never reach the sur- 
face ; they encounter the currents of water still compara- 
tively cold, and, descending to receive from the bottom 
their supply of heat, shrivel up into their original bulk, 
and are lost among the other particles of water. In a short 
time the mass of the water becomes uniformly heated ; 
the bubbles, becoming larger and more frequent, are con- 
densed with a loud crackling noise ; and at last, when the 
heat of the whole mass reaches 212°, the bubbles from the 
bottom rise without condensation through the water, swell 
and unite with others as they rise, and burst out upon the 
air in a copious volume of steam, of the same heat as the 
water from which they are formed, and pushing aside the 
air, make room for themselves.*'* 

A statement so precise in details, and sanctioned by so 
high an authority in all matters connected with the steam- 
engine, would appear beyond question. Many proofs, how- 



♦"The Steam-Engine,*' by John Scott Rasaell, M.A., F.R.S.E. The 
authorship of the paragraph quoted is attributed bj Mr. RusseU to Sir J. 
Robinson. 
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ever, of results directly at issue wth the above have sug- 
gested doubts, in which that authority would assuredly 
have concurred had time and opportunity been afforded 
for examining them. 

The following remarks may, however, here be made in 
reference to some of the points in this statement, viz.: 

1st. The heating and expanding of the liquid are both 
here assumed without proof or even inquiry. 

2d. The water " becoming lighter, rises to the top, and 
is replaced by the colder water.** No sufficient reason, 
however, is given for this replacement. An ascending 
lighter body would necessarily remain at the top, as a cork 
would. 

3d. Globules of steam never adhere to any thing ; they 
have no such power or property. It is only when recon- 
verted into the liquid state that adhesion becomes avail* 
able. 

4th. Globules, either of water or air, remain always visi^ 
ble up to the surface. 

5th. The idea of bubbles of steam being condensed xxx 
their ascent, is wholly inadmissible, and contrary to fact. 

6th. The loud crackling noise is here assumed to occut 
in the body of the water; this also is contrary to the feet. 

7th. As to " the steam being of the same heat as the 
water from which they are formed," that is simply impo^. 
sible, unless by ignoring the effect of heat. 

The following analysis will enable us to detect some of 
the oversights in the above statement, and give a tuore 
accurate view of the process. 

Water undistilled and unfiltered being put into a glass 
beaker, over an Argand burner, numerous small globules 
will shortly be seen adhering to the bottom and sides of 
the glass. These have been mistaken by many writers for 
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new-formed vapor, and, as above stated, for globules of 
steam. They are, however, mere globules of air, invisible 
at first by reason of their minuteness, but becoming en- 
larged as the glass to which they adhere becomes heated, 
and further, increasing by accumulation, they become visi- 
ble, often enlarging to the size of 1-1 0th of an inch, and 
adhering to the glass with such tenacity (if the process be 
carried on gently) that they may be even touched with a 
fine wire, and swayed from side to side before they are 
dislodged. These not unfrequently remain adhering to the 
bottom until ebullition has begun to agitate the mass. 
When they are detached, they rise, not with a zigzag mo- 
tion, as described by many, but in a spiral manner, as they 
ascend. 

That these globules have no relation to vapor is proved 
by the fact, that if, by being previously boiled and filtered, 
the water has been deprived of its air (of which it contains 
about two per cent.), and if on being cooled, the process 
be immediately repeated, no such globules will appear. 

It has already been stated that on atoms of a liquid be- 
coming atoms of vapor, by the addition of heat, their charac- 
teristics are entirely altered;-^— mutual attraction and mo- 
bility being changed to mutual repulsion and separation, 
with an increase of volume to an extent which makes 
them lighter than the surrounding atoms of the liquid. 
On these newly-acquired properties depend the whole 
phenomena which steam exhibits. "Steam," according to 
Dalton, being "an elastic fluid like common air, and pos- 
sessed of similar mechanical properties." • 

On this Sir Robert Kane observes, " The particles of 
volatile bodies repel each other at all temperatures, until 
they occupy completely the space in which the body is con^ 
tained, and exercise a pressure which is equal to the force 
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of their mutual repulsion, and which is termed the elastic- 
ity of vap&r.^ ^e here recognize the elements of diver- 
gence or diffusion, force and pressure in volatile hodies. 

An important question then arises, namely, whether 
atoms of vapor, on their formation, retain and exercise 
their several properties as an elastic fluid^'while they remain 
in the body of the water in which they have been generated, 
and before their escape into the air. As this will here- 
after be the qutestio vejcata^ a rigid inquiry into the pro- 
cess of the union of heat with liquids becomes negessary. 

As the change from the liquid to the vaporous state is 
the direct result of the union of the water with further in- 
crements of heat, it is a matter of indifference from what 
quarter or direction that heat may be derived, whether 
from above^ as from the rays of the sun, or temperature 
of the air ; or from beneath^ as when heat is artificially 
applied. 

First, with reference to the heat applied from above. In 
this case, the upper or surface stratum of liquid atoms must 
necessarily be in absolute contact with the air which rests 
upon it. On the heat radiating downwards upon the atoms 
forming this surface-stratum^ each wiU absorb one or more 
units of such heat, converting it into the form and state 
of vapor, with its properties of increased volume and levity. 

Here, then, is a clear, intelligible case of vaporization. 
These atoms of liquid being converted into atoms of vapor, 
and being subject alone to the incumbent weight of the 
atmosphere, there is nothing to prevent the ftill develop- 
ment of their volume. The enlarged volume, arising from 
the difference between the states of liquid and vapor, has 
been estimated as the difference between a cubic inch and 
a cubic foot; or the bulk is increased 1,728 times. How 
fer the experiments are trustworthy on which this enlarged 
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volume has been estimated, seems seriously open to 
doubt This, however, is not the place for such an tn-^ 
quiry. 

The vaporization of this surface-stratum being effected, 
its atoms will rise into the air, and be replaced by those 
next in succession, until the whole has passed away in 
vapor. In this way, lakes and pools of water are vapor- 
ized; the ground becomes dried, and the atmosphere replen- 
ished with vapor, which in its turn descends in the form 
of rain. or dew. 

We have next to examine the process when heat is arti- 
ficially applied to the bottom of a vessel containing water. 

The liquid atoms forming the lowest stratum may be 
compared to a carpet spread on the bottom, and nearest 
the source of heat The process here, as regards the 
absorption of heat and the change in the form and cha- 
racter of the liquid atoms, is necessarily the same as when 
appUed to the upper stratum; in this case, howw.-r, each 
atom of the latter received its heat direct from the source 
above f*, whereas those of the former received it, by conduc^ 
tionj through the vessel in which the water was con- 
tained. 

But now comes the condition to which special attention 
is required, as it involves the main features of the theory 
here contended for. The surface-stratum of liquid atoms 
on being vaporized rose into the air as a bird from the 
ground, or as a balloon, on obtaining the required levity — 
impeded alone by the incumbent pressure of the atmos- 
phere. Not so those of the lowest or carpet-stratum. These 
have a new element and a new obstruction to contend 
with. They find themselves not in contact with the light 
medium of the air^ and a pressure of but 15 pounds to the 
square inch, but in a medium 0/ wafer, which has a density 
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830 times greater than that of the air. The necessary 
result is that an atom of vapor, generated at the bottom 
of a mass of water, has to force its way upwards through 
liiis dense medium before it can reach the sur&ce and 
come into contact with the air. 

While, then, the surfiice-atoms on becoming vapor were 
enabled to expand, say 1,728 times that of their liquid 
volumes, under atmospheric pressure, it is manifest that 
those formed at the bottom must be influenced by the oiefi- 
tional density and pressure of the liquid medium in which 
they were generated, and through which they had to work 
their way. 

Again, not only had they to ascend, but to diverge and 
diffuse themselves by virtue of their mutually repellent 
principle. So numerous, however, are these vapor-atoms, 
and so rapid is their generation, that a portion of them 
are found reaching the sur&ce and escaping into the air, 
almost instantaneously after the heat has been applied. 
Abundant proofs of this will hereafter be given. 

Let us now illustrate the double process of atoms vapor- 
ized at the surface, and at the bottom of a body of water. 
Let a a, Fig. 1, represent the surfece-stratum of the water 
in a glass beaker. Here each atom is necessarily in absO' 
lute contact with the air above it, and held in its position 
by the mere force of gravity and attraction to its fellow 
atoms. Let b represent one of these atoms, after having 
received its complement of heat, and, becoming vapor, 
rising in the air as a balloon from the ground. Its volume 
in this case will continue to be enlarged as it ascends, and 
as the balloon would, in the ratio of the diminishing den- 
sity and pressure of the atmosphere in the upper regions.* 

*Th6 oirole h here represents not the atom itself, bat the range of the 
repeUent inflaenoe it exerts. 
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In Fig 2 let a' a^ represent the carpet-stratum of liquid 
atoms, and V one of them, on becoming vapor rising to 
the surface as a cork would — ^its volume being enlarged 
under the influence and in the inverse ratio of tite density 
and pressure of the liquid medium in which it was gen- 
erated and through which it had to pass. It wiU now be 
seen that it could only be on reaching the surfiu^e that it 
would be in a position corresponding with 6, in Fig. 1, 
and be enabled to develop its full volume. 



Rg.L 



Fig. 2. 





The ratio of the enlargement of the atom V Fig. 2, 
uMle in the water, may approximately be estimated by 
reference to the gross enlargement of the mass. Dr. Ure 
estimates this at l-25th of its liquid volume. Dalton's cal- 
culation gives a less increase. 

Having considered the process as regards individual 
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atoms, let ns now examine it in reference to the several 
succeeding strata, rising from the bottom as they succes- 
sively become vaporized. These carpet-etrata cannot rise 
in unbroken masses, as a carpet woTild from the floor, seeing 
that no atom can rise, mero motu, but only as contiguous 
and heavier atoms take their place, aad farce them upwards^ 
as Dr. Ure expresses. The necessary result is, that each 
of these lower strata breaks into sections, and rises into 
detached portions and forms. This is fuUy corroborated 
by their appearance as seen rising through the water, if 
looked at across the light, or when a lighted taper is 
observed through the mass. At first wave-like forms will 
be perceived moving across the bottom, and then rising 
through the body of the water with a cloud-like appear- 
ance, as in Fig. 3. These will continue visible until the 
agitation, caused by ebullition, disturbs the uniformity of 
their motion. They may, however, be distinguished, even 
after 212° has been reached, if the process be carried on 
gradually and without ebullition, or internal commotion, 
as will hereafter be described. 

It is here worthy of note, and in proof of the necessity 
of further inquiry, that these movements, although so pal- 
pable and suggestive, do not appear to have been recorded, 
or even noticed by any of the numerous experimenters 
from Black or Leslie down to the present time. Several 
other important but hitljprto unnoticed movements will 
hereafter be pointed out. ^ 

The first tangible proof we have of the formation and 
absolute existence of vapor will be its appearance above 
the surface. The new-formed vapor having passed up- 
wards through the liquid mass, whatever may be its depth, 
may be caught and condensed on a mirror or dial glass. 
(A little cold water placed in the dial will prevent its be- 
comiDg heated, and thus favor the condensation.) 
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While the vapor continues to rise and escape into the 
air, we also find the temperature in the metss increasing 
so uniformly as to justify the inference of its diffudon 
under the Daltonian law. 

Attempts were made, by the aid of an experienced 
optician, to have those cloudy vaporous forms magnified 
and projected against a large surface by the magic Ian- 
thorn; they were, however, found to be so transparent 
that the object was defeated. Their visibility was a mere 
optical eflfect arising from the diflferent densities of the 
vaporous doud and that of the colder water, the rays of 
the light being refracted from the convex sur&ces of 
liquid particles forced upwards by the vapor, which latt^ 
would, of itself, have been invisible. 

The following may be adduced in proof of the rapid 
formation of the vapor and its dynamic effect, after having 
passed through the body of water in which it was gen- 
erated. Let a pound weight of water be put in a beaker, 
as in Fig. 3, with an Argand burner under it. On the 
beaker place a glass cup, 6, also having some cold water in 
it. On heat being applied, the cloud-like vapor will have 

scarcely reached the surface 
when it will be seen con- 
densed on the under side of 
the cup J, and, after a few 
miiyites, falling in drops into 
the water beneath it The ex- 
periment may be still more 
effective if a second glass cup, 
c, be placed on the first, the va- 
bor formed in the cup b being 
condensed on cup c, after hav- 
ing passed through the water. 



Fig. 3. 
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We have here then visible and physical proo£i 

Ist, Of the rapidity with which vapor is formed. 

2d. Of its diffusion, and the consequent homogeneous 
temperature throughout 

3d. Of the identity in a dynamic point of view as an 
elastic fluid of the vapor thus formed and escaping, after 
having passed through the liquid mass in each vessel. 

The following experiment will further prove that it is 
vapor^ and not heated water, that is seen rising through 
the water. 

In the annexed Fig. 4 let a represent an inverted glass 
tundish attached to a rod, by which it may be kept down 
in the water in a beaker ; the level of which is at c in 
the tundish, and d in the beaker. On heat being ap- 
plied from beneath, vapor will be formed, and rising, will 
displace the air and water, and, pressing down on the 
surface, will escape from under the tundish in large inter- 
mitting masses. To make the experiment still more con- 



Fig. 4. 



Fig. 5. 
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vindng, let the tmxdish a, Fig. 5, be filled with water by 
first holding it on its side. The level of the water in the 
tundish will then be at bj and in the beaker at c. On the 
vapor being formed at the bottom it will rise through the 
water, and, collecting in the upper part of the tundish, 
displace the water, and force it from under the edge of 
the glass, when the process of alternate filling and empty- 
ing wiD proceed as before. 

Among* the proofi of the rapid generation of vapor on 
the smallest addition of heat is the following. In a small 
3 or 4 ounce beaker pour a little water, just enough to 
cover the bottom, leaving the body of the glass free for 
the reception of the vapor. Place the glass on the palm 
of the hand, or on a warm flannel and on it lay a mirror, 
or glass saucer, with a little cold water in it, the mere 
heat of the hand or warm flannel being sufficient for the 
conversion of liquid into vapor atoms. The vapor will 
soon appear condensed on the saucer. We even see the 
liquid particles of the ink with which we write, vaporized 
by the heat of the paper and that of the surrounding air. 

To show the quantity of vapor formed in a short time 
and its diflusion through a large space, take a beaker. Fig. 
6, capable of holding six or eight pounds of water. 
Pour in as much water, of the temperature of the 
surrounding air, as will cover the bottom, as at b. On the 
beaker lay a glass saucer c, with a little cold water in it 
Lay it on some flannel, previously heated, a. Almost 
instantaneously the vapor generated by the heat from the 
flannel will rise, fill the glass, and be condensed on the 
saucer c. We here find that the beaker must have been full 
of vapor before it could reach the saucer. From this we 
learn, 1st, the small quaixtity of heat required to convert 
liquid atoms into vapor. 2nd. That the vapor becoming rf*/- 
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fused fills the entire space, as if it were a Tacuum. 
The rapidity of the reconversion into liquid atoms. 



Kg. 6. 
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Having examined the process of generating vapor, we 
next proceed to consider the peculiar properties with 
which it becomes endowed. 



SECTION III. 

ON THE DIFFUSION OF YAFOB AND OTHER ELASTIC FLX7IDS. 

Before proceeding with the details of further processes 
in connection with the communication of heat to water, it 
is necessary that we should have a correct view of the lead- 
ing principle which influences those processes. The vapor 
of water is admitted by all to be an elastic fluid. With 
this we associate pressure, or force. The term elasticity, 
however, has no legitimate reference to such properties iu 
connection with Hquids or vapors en masse, or as a single 
body. Elasticity is rightly defined as "the force in bodies 
by which they endeavor to restore themselves to their pre- 
vious position or form." This is intelligible when sp^tk- 
ing of a spring, or a sponge. But vapor and air are not 
such bodies, nor can they be spoken of as distinct sub- 
stances. Both are mere aggregates of separate bodies, each 
of which, we have seen, is endowed with a property of 
repulsion among the atoms of its own kind, and which 
thus becomes the element of what is called the elasticity 
of the body. To this, then, attention should be directed, 
that we may have in our minds a distinct meaning of the 
term in reference to liquid, gaseous, or seriform masses. 

On this subject Professor Faraday observes: "We have 
but very imperfect notions of the real and intimate condi- 
tions of the particles of a body existing in the solid, the 
liquid, or gaseous states; but, when we speak of the gaseous 
state as being due to the mutual repulsion of the particles, 
or of their atmospheres, although we may err in imaging 
each particle to be a Uttle nucleus to an atmosphere of heat, 
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or electricity, or any other agent, we are still not likely to 
be in error in considering the elasticity as dependent on 
mutuality ofacHonr This may be said to bear directly on 
the question of unity as the representative of heat or vapor, 
and the mufuaVty of action in such units when they form 
an aggregate or mass. 

Professor Bankine rightly observes: "A perfect gas is a 
substance in such a condition that the total pressure exerted 
by any number of portions of it at a given temperature, 
against the sides of a vessel in which they are enclosed, is 
the sum of the pressure which each such portion would exert if 
enclosed in the vessel separately, at the same temperature. 
In other words, a substance in which the tendency to ex- 
pand of each appreciable mass^ how small soever, that is 
diffused through a given space, is a property independent 
of the pressure of other masses within the same space." 

This is but a more elaborate exposition of Dalton's theory 
' of mutual repulsion, and consequent diffusion. In refer- 
ence to fluids of any kind, ^^each such portion^^ must then 
have reference to each separate atom or particle. It would 
thus be the same thing had he said that the pressure ex- 
erted by any gas or elastic fluid is the sum of the repulsive 
forces which the several atoms exercise when en masse. As 
each atom of vapor, then, represents a unit of heat and 
repulsive force, so the amount of heat or pressure must be 
the sum of the units exercising such force. Temperature 
and pressure are, therefore, but co-efficients of the quan^ 
tity and mmber of atoms present in any given space. 

The Professor then draws this legitimate inference — 
that " Divergence or expansion is a property independent 
of the pressure of other masses within the same sp<^^^*^ 
This, again, is Dalton's law, that each gas or elastic ^^^ 
enters as into a vacuum. Now the whole practical c^^* 
4 
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of vapor is involved in this law. The important element- 
ary questions, then, are: 

1st. Is vapor an elastic flnidt 

2d. Has it the properties of other elastic fluids? 

3d. Does it exert those properties, ^^independent of 
other masses, in bodies in the same space V* • 

The correctness and extent of the analogy between vapor 
and other elastic fluids must then be first ascertained. 

*^ The density of the air^ according to the latest authority, 
^^is the result of the pressure to which it is subject The 
air is an elastic fluid, that is, its bulk increases and its den- 
sity diminishes whenever the external pressure, is wholly 
or partially removed." (English Cyclopaedia, Air.) 

Again, " This repulsive force of the particles of air, of 
which we know nothing but its effects, is a counterbalanc- 
ing force from within^ to the pressure from without j and is 
greater or less, according to the greater or less nearness 
of the particles. In other words, the elastic force of the 
atmosphere as distinguished from the superincumbent 
column of air." So of the vc^or in water. As an elastic 
fluid, there is the repulsive force of its several atoms acting 
as a counterbalancing force from within to the pressure 
from without Let us then keep in mind this repulsive 
force, or mutually repellent action, as being the direct 
source of what is called the pressure of the mass. Vapor, 
then, but follows the law of other elastic fluids, when 
relieved from the pressure from without^ that is, from the 
surrounding mediumyVfYiaiever it maybe, ^4ts bulk increas- 
ing and its density diminishing, as the external pressure is 
wholly or partially removed." This, it will be seen, is 
precisely the case when the vapor particles, on their escape 
into the lighter medium of the air, are removed from the 
pressure of the denser medium of the water. 
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The same authority adds, *^ as we ascend in the atmos- 
phere the superincumbent column of air becomes of less 
weight, and the density becomes less ; that is, a cubic foot 
at the height of 1,000 feet above the ground is not so heavy, 
nor does it contain so much air^ as a cubic foot at the sur- 
fece of the earth." 80 of the vapar^ as it rises from the 
bottom of the vessel to the sur&ce, and thence into the air. 
Now as the elastic medium, the air, presses equally on all 
sides and in all directions, why shall not the same be said 
of the denser medium of the water acting on the several 
particles of the vapor in it? The question of bulk, then, 
is a mere question of quantity or number in given spaces, 
each particle, however, still preserving its identity from 
the moment of its generation until it reaches the highest 
region in the air. 

Again — " The air, having in itself a force which tends 
to separate its particles from one another, or to expafvi the 
whole hdk^ but which grows less and less as the particles 
are more and more separated, that is, as the bulk increases." 
Now, what is this force^ in itself, which so tends to sepa- 
rate its particles from one another, but the mutually repeU 
lent property inherent in the constitution of the vapor 
atoms t This has abready been referred to thermo^elec^ 
tricity, as, with equal propriety, we speak of the force 
which separates the leaves of the electrometer, and seeing 
that we know of no power in nature capable of producing 
this tendency of particles to separate or repel each other 
but electricity, we have then but to substitute the elastic 
fluid vapor^ for that of air^ and the description is at once 
analogous and accurate. 

When we speak of a body of water, filled or saturated 
with vapor, we may equally describe it as we do of air, 
namely, as being that state in which " the elastic force on 



52 ON THE DIFFUSION OF YAPOIL 

a square inch of the snr&ce of the air arising /rom its own 
cansHttUiony just balances the pressure upon that square 
inch." In other words, as the state of equilibrium which 
just balances the pressure of the medium in which it exists, 
whether that be water or air. This is further inferred when 
it is said that, from ^' careful experiments, it appears that air 
and all other gases, as weU as vapors, and also all mixtures 
of gases and vapors, obtain an increase of elastic force for 
every increase of temperature, and expand, therefore, if 
expansion be possible in the vessel which contains them. 
Thus, dilatation is uniform ; that is, whatever expansion arises 
from an increase of 12^ of temperature, half as much arises 
from an increase of 6°; twice as much from one of 24^, 
and so on. This remarkable law was discovered nearly at 
the same time by Dalton in England, and Gay Lussac, in 
France," 

Throughout we find, that increase of temperature is 
regarded as the basis, or cause of the several changes of 
pressure, expansion, or elastic force. The imparting of 
heat is one thing, but the indicated temperature, or amount 
of that heat, is another. Temperature thus shown by the 
thermometer is then but the index which marks the several 
changes as they are produced. In the case before us, the 
thermometer merely indicates the quantity or sum of units 
of heat and atoms of vapor present in any given space. 
After an examination of the degrees of mutual repulsion* 

* Hnch information majbe obtained on this subject from Faradaj's Tiews 
in his ^^ Researches in Electricity,^* He there observes : "The condition of elas- 
tioitj upon the exterior of the gaseous or yaporous mass must be connected 
directly with the action of solid bodies, as nuclei, on vapors, causing con- 
densation on them in preference to any condensation in the vapors themselves.** 
Again he adds : " This leads to the consideration of what are the respective 
oonditions at the surfaces of contact of two portions of the same substance 
at the same teYnperature— one in the solid or liquid, and the other in the 
vaporous statCi as for instance steam and water. It would seem that the par- 
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which the elementary particles of several elastic bodies exer- 
cise, Dalton observes: "It appears to me as completely de- 
monstrated as any physical principle, that, whenever any 
two or more such gases or vapors are put together intQ lim- 
ited or unlimited space, they will finally be arranged each 
as if it occupied the whole space, and the others were not 
present/' Now the strict application of this law is what is 
contended Jhr in this treatise. Vapor being an elastic fluid, 
and endowed with all the properties common to its kind, 
why, it may be asked, shall not this law be equally applic- 
able to the vapor of water as to any other known vapor, 
each being " arranged as if it occupied the whole space, 
and the others were not present/* 

The whole question, then turns on this, whether the 
vapor of water acts the part of an independent gas, and 
retains its properties while in a medium of water, as others 
do. That it does so maintain its identity and individuality 
will be " as completely demonstrated as any physical prin- 
ciple can be/' 

It is not a little remarkable that Dalton everywhere con- 
siders water as acting the part of a vacuum, with refer- 
ence to gases and vapors introduced into it, with the single 
exception of the vapor of water itself. That this exception 
is unwarranted will be shown by numerous proofs; among 
these, the most patent and- self-evident is the re-appear- 
ance of the vapor itself, rising with all its properties on 
being liberated fi:6m the water ; for we cannot draw any 

Holes of liquid are in a different relation to the latter, to what thej wonld be with 
respeot to anj other liquid or solid substanee, if the independent action, 
whioh I have taken as a oonsequenoe of Dalton's prinoiple, be correct." 
Again he obserres: *' It would seem that the mutual relation of similar par- 
tides, and the indiiferenoe of dissimilar particles which Dalton has estab- 
lished, as a matter of fact, amongst gases and vapors, extends to a certain 
degree amongst solids and fluids ; that is, when thej are in relation by ooa. 
taot with vapors, either of their own substance or.of other bodies." 
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distinction between the vapor rising from water after the 
heat has been withdrawn, or hefart it. 

That gravity has nothing to do with the mixing and 
diflfusion of gases or vapors in the medium into which they 
may be introduced was proved by Dalton himsel£ These 
proo& were drawn from him in his reply to Priestly, who 
suggested that, *' Though gases might, when mingled, diffuse 
themselves through one another without r^ard to their 
specific gravities, it still might be possible to bring them 
into contact with so little agitation as that they should 
remain separate.'' 

Professor Graham, it is stated, has investigated the 
phenomena of diffusion with extreme precision, and has 
determined that "the diffusive volumes are inversely ad 
the square of the densities of the gases." Dalton, how- 
ever, has given so clear a definition of the diffusion of gases 
in water ^ that nothing more is wanted. He observes, " If a 
quantity of water freed from air be agitated with any kind 
of gases not chemically uniting with water ^ it will absorb its 
bulk of the gas." Why then shall not the same reason- 
ing and the same law be applied to the mixing and agitat- 
ing of the elastic fluid vapor with water? Why shall it 
not be said that if a quantity of vapor he agitated with 
water ^ it will absorb or take up the bulk of the vapor. 
Now, this mixing and agitating of water and vapor will be 
found to be literally and strictly true. 

That this exception, as to vapor, has been admitted by 
Dalton, may be accounted for by his ready adoption of the 
views of his great cotemporary. Watt — ^namely, that vapor 
cannot co-exist with water when brought into contact — that, 
in fact, the one would instantaneously destroy or condense 
the other, and re-convert it into water. Nevertheless, this 
impression, though altogether erroneous, has been continued 
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down to oni day. (See Section on Condensation.) That 
the union or mixing of vapor in water does not destroy the 
yital principle in either (divergence in the one, and attraction 
in the other), is fully illustrated even hy Dalton himself. 
"All gases,'* he observes, "that enter water and other 
liquids hy means of pressure, and wholly disengaged again 
by the removal of that pressure, are mechanically mixed with 
the liquid, and not chemically combined with it^ Now, 
there cannot be a more appropriate illustration of what 
actually and visibly takes place when vapor or steam is 
mixed with or injected into water, whatever may be the 
temperature. But, he adds further, " Gases so mixed with 
water, retain theix elasticity or repulsive power amongst their 
own particles just the same in water as out of it — the inter' 
veninff water having no other influence^ in this respect^ than 
a mere vacuum.^* This is all that is here contended for. 
This is literally true when vapor is mixed with water. Its 
denial would but again raise the question whether vapor 
was or was not an elastic fluid; yet Dalton distinctly states, 
and all authorities concur in his view, that "vapor cannot, 
on any scientific principle, be classed in a distinct category 
from elastic fluids, retaining its elasticity and repulsive 
power among its own particles." 

When, therefore, we find the indicated temperature to 
be the same, both above and below the sur&ce level, in a 
dose vessel (whatever may be that temperature), we are 
justified in assuming that the quantity or number of atoms 
of vapor firom which alone the heat proceeds, pressing on. 
or in contact with the thermometer bulb, must be the 
same. To suppose that the atoms which influence the 
thermometer below the surface are atoms of water^ while 
those above it are atoms of vapor (and which alone could 
satisfy the received notions), 'would be to infer that each 
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atom of the liquid had the same quantity of heat as those 
of the vapor. In a word, that liquid and viq;K>r atoms are 
the same as regards temperature or the quantity of heat 
contained in each respectively. 

An illustration of this is shown when steam is injected 
into a vessel of water, the result, after diffusion has taken 
place, being an equilibrium of temperature throughout the 
mass. On this Dalton adds, ^* Experiments made upon six 
different liquids agree in establishing this as a general case: 
namely, that the variation of the force of vapors, /rom aU 
liquids^ is the same for the same variation of temperature," 
that is, that the elastic force of vapor is uniform, without 
reference to the liquid from which it is produced. The six 
different liquids were, sulphurous ether, spirits of wine, 
water of ammonia, solution of muriate of lime, mercury, 
and sulphuric acid. 

His biographer then adds, the concluding paragraph of 
the memoir on absorption, as being the first announce- 
ment of his great discovery, must be introduced in his own 
words, viz.: *'The greatest difficulty in the mechanical 
hypothesis arises from different gases observing different 
laws. Why does water not admit its bulk of every kind 
of gas alike? T am nearly persuaded that the circum- 
stance depends upon the weight and number of the ulti- 
mate particles of the several gases, those whose particles 
are lightest and single being less absorbable, and the others 
more, accordingly as they increase in weight and com- 
plexity. An inquiry into the relative weights of the ulti- 
mate particles of bodies is a subject, as far as I know, en- 
tirely new. I have lately been prosecuting this inquiry 
with remarkable success." 

Pursuing his inquiries, it was not until March, 1799, 
that he announced the true theory of aqueous vapor. 
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" From his grand conception," says Dr. Henry, " of the 
nature of mixed elastic gases and the force of steam we 
trace his inquiry into the tendency of elastic fluids to 
mutual diffusion in 1803. To the same parentage we may 
now trace his first vision of the atomic constituents of 
matter. It is impossible to peruse the essay on the con- 
stitution of mixed gases, and especially to contemplate the 
plate hy which it is illustrated^ without perceiving that 
meditation on the constitution of homogeneous and mixed 
elastic fluids had impressed his mind with a distinct pic- 
ture of self-repellent particle^ or atoms. Thus he aflSrmed 
that homogeneous, elastic fluids are constructed of particles 
that repel each other with a force decreasing directly as the 
distance of their centres from each other ^ and as a neceS" 
sary sequence^ that the distances of the centres of their par" 
ticles^ or which is the same thing ^ the diameters of the spheres 
of influence of each particle are inversely as the cube roots 
of the density of the fluids.^* 

In these remarkable words we recognize on the one hand 
the distinctive peculiarity of liquid atoms with the force of 
attraction^ among themselves; and on the other hand, the 
elastic fluid, vapor, with its force of repulsion; two antago- 
nist forces which cannot coexist in the same atom. This 
also establishes the separate identities of the vapor atoms 
while in the water, which acts as a liquid atmosphere for 
their diffusion. A right understanding on this head is of 
the last importance as furnishing a key to the many dis- 
puted and doubtful points which still embarrass the sub- 
ject. 
In further illustration, Dalton observes, "there are here 
v^ two very important &cts, the first is that the quantity of 
gas absorbed is as the density or pressure. This was dis- 
covered by Mr. William Henry, before either he or I had 
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formed any theory on the subject. The other is, that the 
density of th^ gas in the water has a special relation to 
that out of water. Thus, in the case of carbonic acid, the 
distance within and without is the same, or the gas within 
the water is of the same density as without. In olefiant 
gas, the distance of the gas in the water is twice that with- 
out. In oxygenous gas, the distance is just three times 
as great within as without ; and in azotic gas, it is four 
times. This fact was the result of my own inquiry. The 
former of them I think decides the effect to be mechanical; 
and the latter seems to point to the principle on which the 
equiUbrium is adjusted. '^ 

As the plan given by Dalton, descriptive of the " self- 
repellent particles or atoms'* is highly instructive, and 
much to the point in the subject before us, the state of 
vapor in water, afac similie of it is here introduced; see 
Figs. 7 and la. The movements and action of the atoms 
of vapor in the medium of water, under the influence of 
mutual repulsion and diffusion, are thus symbolized and 
brought within the scope of our senses, and their distinct 
existence, apart from the atoms of the water medium in 
which they exist, illustrated. 

Of the value of these diagrams, Dr. Henry speaking* of 

Pig. 7.— SIMPLE ATMOSPHERES. 

Aqveottf Tapor. Oxygen Om. AioUoOm. OuboBio Add Gm. 
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"Fig. 7a.— COMPOUND ATM08PHEBES. 






the molecular constitution of bodies, observes — " by the 
united eflForts of a considerable number of inquirers, these 
substances have, as it were, become transparent to the 
mental eye^ which traces their internal construction, and 
thus affords a perception of relations, which, but a few 
years ago, appeared utterly inaccessible to observation." 
Dr. Henry goes on to say "all Dr. Hofman's lectures were 
illustrated by elaborate atomic symbols and diagrams. 
Dalton was even wont to affirm that no conception was 
clearly grasped by the intellect^ if it could not be visibly de^ 
picted or embodied to the external sensed 

With such authorities before us we may here safely pro- 
ceed in a similar course of combined inquiry and visible 
illustrations — the plan adopted in these pages. 

Dr. Henry observes that "the plate which is here repro* 
duced furnishes ocular demonstration that it was in con- 
templating the essential conditions of elastic fluids that he 
first distinctly pictured to himself the existence of atoms." 

In this figure we have a clear conception of the practical 
eflFect and process of diffusion or divergence among vapor 
atoms, as forming in their aggregate an elastic fluids " the 
particles repelling one another with a force decreasing 
directly as the distances of their centres from each other." 
Dalton has also given, on an enlarged scale, the following 
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figure, showing by their respective radii this diffusive 
action, the vapor fiUing the entire space as if it had been a 
vacuum. See Fig, 8. 



Fig. 8. 
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Following Dalton's mode of illastration, let the above 
Fig. 9 represent several masses' of vapor in water, mider 
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varying quantities, and consequently, exhibiting varying 
degrees of divergence, pressure, and temperature — ^the 
atoms repelling each other, and their respective distances 
being in proportion to the quantity or number in each 
given space. To avoid unnecessary detail, the vapor atoms 
are here represented as filling equal cubical spaces, at but 
six diflferent stages or temperatures, say from 60° to 212°. 
At this latter, which may be called the point of saturation^ 
or the so-called boiling painty the atoms are represented as 
close together as they can be under mere atmospheric 
pressure. 

Now, we have only to apply the law of Dalton in refer- 
ence to vapor atoms as it does to those of all other elastic 
fluids, and we have a practical key to the states and quan- 
tity df vapor existing in water or air, at all temperatures 
and pressures. 

If to this, also, we add, in the words of Professor Fara- 
day, that "each particle be a little nucleus to an atmosphere 
of heat or electricity," we have a clear view of the source 
and cause of divergence or repulsion, and the consequent 
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amotuxt of pressure or elastic force. This may further be 
illustrated by Fig. 10, representing on an enlarged scale 
the nudeus of each particle — ^the arrows indicating the 
mutual repulsive force and direction arising from the 
atmosphere of heat or electricity surrounding it. 

If then we suppose each of these six squares, see Fig. 9, 
to contain a cube of water, with varying quantities of steam 
injected into them, sufficient to raise the indicated tem- 
perature, say to60^ 90^ 120^ 160^ 180^ 212°, we have 
Dalton's law fully satisfied, the water in each acting, as it 
were, the part of a vacuum, while the vapor atoms take 
their respective distances from each other. 

We have already spoken of thermo-electricity^ or the 
electricity derived from the accession of heat, as producing 
the tendency of the particles acted on to separate or repel 
each other. Let us now, on the Daltonian principle, en- 
deavor, by a visible representation, to bring the conception 
within reach of our outward senses. Let a a. Fig. 10*, 
represent two insulated atoms of a liquid, or the two pith 
balls of the electroscope, negatively electrified, and conse- 
quently in close contact under the influence of attraction; 
let h h represent the same when positively electrified by 
the influence of heat; the result wiU be that, attraction giv- 
ing way to repulsion^ the two liquid atoms will repel each 
other as we see the pith balls do. The range or extent of 
divergence will depend on the state of the surrounding 
medium, or the proximity of matter in an opposite state 
of electricity. 

Again, let -4, Fig. 10**, represent three atoms, part of 
a liquid mass negatively electrified, and consequently in 
close contact. On being brought into connection with a 
charged phial, or stick of sealing-wax excited by friction, 
they will, as before, repel each other, as shown above — ^the 
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radii here representing the divergence, or repulsive fotce, 
and the outer circles, the range of such force. We have 
here so dose an analogy between the repelling action of 
the pith balls of the electroscope, and the diverging force 
of vapor atoms, as fully to satisfy us that the cause of the 
repulsion and divergence is the same in both cases. 



Pur. 10*. 



Fig. 10* 





We now proceed to the practical application of these 
laws of attraction and repulsion. 



SECTION IV. 

OF THE HEATING AND EXPANDING OF TVATER, 

The recognized theory on this subject is — that water, 
stiU retaining its liquid form and character^ absorbs heat, 
and expands in proportion to the quantity absorbed, up to 
the temperature of 212° — the amount of the expansion 
being then equal to jj^soth of its value. Dr. Ure estimates 
it at 2^5 th. So many proofs, however, may be adduced in con- 
tradiction to this theory, that the subject manifestly requires 
a further examination. 

We will first consider it in reference to the properties of 

compressibility and incompressibility. 

The amount of compression of which w^ter is suscepti- 
ble is admitted to be so small as to justify the assertion 
that it is practically incompressible. 

Perkins found that under a pressure of 2,000 atmos-. 
pheres the amount of compression was almost nil, j^o 
several experimenters have insisted on some degree of 
compression, this may legitimately be attributed to the por 
tion of air and vapor which it contained. 

As all writers, while admitting the incompressibilitv f 
water, nevertheless insist on its expansibility, it y^{\[ y. 
advisable to refer to some of the recognized authorit' 
and examine the grounds on which this theory ig fo, j j' 

Dr. Lardner observes: "All solid bodies being or H ii 
heated from the temperature of melting ice (3oo\ f tVi ♦ 
of boiling water and then gradually cooled dowu from 212° 
to 32°, will be found to have exactly the same dim 
^ . 65 
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at the same temperature during the process of heating and 
cooling, the gradual diminution of bulk in cooling corres- 
ponding exactly with the gradual increase of bulk in heat- 
ing. Glass and other bodies, gradually heated from 32° 
J ^ to 212°, which undergo degrees of expansion of the solid 

' ^"^ corresponding TOO degrees of the thermometer, is tmce the 

expansion which corresponds to (me degree, and so on, the 
quantity of expansion being multiplied in the same propor- 
tion to the degrees through which the temperature had risen 
is multiplied." Now, let us apply this rule in the applica- 
tion of heat to the liquid, water, and see how strictly ana- 
logous it is, viz.: The number of its atoms converted into 
vapor corresponding to two degrees of the thermometer is 
twice the number (and twice tKe volume) that corresponds 
with one degree, the number vaporized being multiplied 
in the same proportion to the number of degrees through 
which the thermometer has risen. 

Again, he observes: "The force with which a solid 
dilates is equal to that with which it would resist com- 
pression; and the force with which it contracts is equal to 
that with which it would resist expansion." This is simply 
an expression of the law of action and reaction, and of 
dilatation and compression, being correlative terms. 

Now, this correspondence in/orce, being a general law of 
nature, must be applicable to all bodies ; and what are the 
elementary constituents of a liquid but bodies subject to 
such general law] 

Dilatation and compression are treated as being reciprocal 
and proportionate. Yet see how a positive law in physics 
^ay be rendered doubtful or negative when applied to 
liquids, — an arbitrary application being resorted to in order 
to^ satisfy this theory of expansion, namely, " The force 
With which liquids dilate is equivalent to that with which 
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they would resist compression ; and as liquids are nearly 
incompressible^ this force is very considerable.^^ But why 
not apply the same terms and draw the same conclusions 
in both cases, namely, that as liquids are nearly incompres^ 
sSble. they must necessarily be nearly inexpansiblef Pro- 
fessor Graham observes: "Regnault has recently deter- 
mined the compressibility both of water and mercury with 
great care, and estimates the compression of mercury for 
each atmosphere at 3*5 millionths of its bulk, whilst he 
found that of water to be equal to 47 millionths of its 
bulk." 

By the above dictum it is sought to be inferred that the 
resistance to expansion or dilatation, a^ regards liquids^ is 
not commensurate to that of compression; in a word, that 
action and re-action are, in this case, not equal and oppo- 
site. We shall, however, find more harmony in Nature's 
laws. 

If, then, these liquids be incompressible, pari ratione^ they 
must be inexpansible; for if the resistance to compression 
cannot be overcome, neither can the resistance to expansion 
or dilatation. 

ON CONDUCTIBILITT. 

We will next test this theory of heating and expanding 
by reference to conductibility and nonrconductUriJity. Pro- 
fessor Brande says: "As liquids are enlarged, and conse- 
quently rendered specifically lighter by heat, it follows that 
in heating a mass of liquid very different effects wiU \yQ 
produced, by applying heat to different parts of the vessel 
containing it: a and h in the annexed Figs. 11 and 12 reDre- 
sent two tubes of thin glass filled with water. If We at) Iv 
the flame of a spirit lamp to the bottom of the tube a ti 
water will soon he heated equally throughout, and boils' and 
this is the usual way of applying heat, namely, to the'bot- 
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torn of the vessel; but if, as in the tube 6, Fig. 12, we heat 
the surface of the water, it may be made to boil in the 
upper part, whilst at the bottom it will remain cold. In this 
case the water becomes heated and consequently /oa«5 upon 
the colder water below, to which scarcely any heat will be com- 
municated.^^ 



Fig. 11. 




Fig. 12. 



Here are a series of oversights as to what really takes 
place, and what the experiment would have illustrated 
under a more extended observation. In truth, this experi- 
ment here referred to in proof that heat cannot be commu- 
nicated downwards, may justly be used in proving the re- 
verse. 

If it were true that the water really became heated, and 
still retained its liquid form, the inference, as to expan- 
sion, would be correct. Nothing of the kind, however, 
really takes place. When heat is really applied to the 
bottom of tube a, vapor is at once formed, and, rising through 
the water, passes into the air. 

Precisely the same thing takes place when heat is ap- 
plied to the upper part of tube b. Here, however, the 
vapor passes away more rapidly fr^"^ being sooner in con- 
tact with the air, and not having to pass through or be 
diffused in the water medium. I^ *^® *^^ ^» '^^^' ®^ 
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Fig. 13. 




long as the surface area of the water is adequate to the escape 
of the vapor produced, it will 
necessarily pass into the air 
as rapidly as it is formed. 
But let the lijeat he increased, 
and the case will be altogeth- 
er different. It will then be 
found that heat can be com- 
municated downwards. This, 
however, will not be by con- 
duction^ but by the ordinary 
process of diffusion^ as in the above Fig. 13. 

The heat here being increased by using the glass' chim- 
ney of an Argand burner, instead of the spirit lamp, and 
having a larger tube, the vapor will be seen passing over 
to the opposite side in the ordinary cloud-like form, and 
gradually rolling downwards^ even to the bottom of the ves^ 
sel. In this case the line of influence may be distinctly 
observed with its wave-like form at -4. Now, as liquids 
have no diff'using property or action, what descends must 
he vapor and not heated water. Had such existed, it would 
have "-^ floated upon the colder water belowJ*^ 

It may be here remarked, that in this experiment, which 
we find repeated in numerous Works no notice whatever 
is taken of the all-important fact of the generation, exis- 
tence, and escape of the vapor, and which ^^1 accounts 
for the absorption of the heat witlxo the necessity of sup- 
posing its passing into the water 

This illustration, as to the non Axxcti^^ piopeity of 
water, may then be referred to . "^^^ ^ of the eocistence 
of the vapor in an independent-^^ ^^^^txd ^^^ ^nftuence in 
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to the lower part of marine boilers which are below the 
level of the furnaces. 

And see the contradiction which this theory of heating 
of water involves. The heated water is said " to float on 
the surface of the colder portion;" and again, that it de- 
scends by circulating currents. Yet to float on the colder 
water is manifestly in contradiction to this assumed de- 
scending action. 

On the non-conducting power of liquids, Professor Daniel 
observes: — "Liquids conduct with such difficulty that it 
has been doubted by some philosophers whether they be 
not destitute of this power. If we nearly fill a glass tube 
four or five inches in length, with water, and heat the up- 
per part by a spirit lamp, we may cause the water to boil 
at its surface, while we hold the tube in the hand without 
iuconvenience, the water not being able to conduct the heat 
downwards'^ This, it will be seen, corresponds with the ex- 
periment above referred to, yet we have abundant proof 
that heat can be conveyed downwards. 

Sir Robert Kane also says: — "Liquids conduct heat very 
slowly : so slowly, that they were long considered to be 
true non-conductors," — adding, " that when any portion 
of the liquid is heated^ it expands^ and becomes speci- 
fically lighter, ascends in the mass and is replaced hy colder 
and heavier portions^whichheing in their turn heated^ ascend 
also, a7id thus generate a drcuUiting current, as in Fig. 14, 
hy which every particle of the liquid is brought in succession 
tnto contact with the source of ^^^'^ ^^ *^^ resulting tem- 
perature quickly and uniformly gained:' "" 

Here we find one of the most accurate experimenters 

sor af\''I^^''^^Jl^..^^^'^'^^^7?X^i^ Robert KaBe, M. D.,M.R.I.A., Profes- 
Ltr^ t^fK^"'!^ Philosophy tAhe Rn ' f Pu^ Society, Professor of Chem- 
iS Cork.' ^P^*^^<^^i««' HaU, i>^^[*\ and President of the Queen's Col- 
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Fig. 14. 




falling into the common error as to the heating of liquids, 
and the circulating currents being the cause of 
the uniform temperature of the mass. Let us 
then examine the process more closely. 

When heat is applied beneath a vessel of 
water, it is true a movement upwards is created ; 
it is, however, of a soft, diffusive character, 
rather than indicating direct ascending and 
descending currents. It is of the cloud-like ii A i tt 
diffusing character, and perfectly distinguish- ^^^_^^ 
able as already described. (See Vaporization, 
Fig. 3.) It is only when about the temperature of 180®, 
or when incipient ebullition begins to act, that currents 
are created and become available. (See Section on Ebul-. 
lition.) It is manifest then that the homogeneous state 
as to temperature, and which is perceptible from the com^ 
mencement, must be due to some other cause. Besides, ^t 
would be physically impossible that any but the smallest 
quantity of the liquid atoms could have been so rapi<jjy 
" brought in succession into contact with the source of he^t*' 
at the bottom of the vessel, as to produce this uniforttiify 
of temperature. 

Dr. Read repeats the same theory of ascending an^ ^^^ 
scending currents, but makes no reference to the itxov - 
ments of the vapor in the body of water. 

Professor Graham, unquestionably one of the Ixioi, t 
authorities, adopting the same theory of currents, o'b^^ 
"The diffusion of heat through liquids and gases i^ ^^ \ 
m a great measure by the motion of these particle^ 
each other. When heat is applied to the lower >^^ 4. f a 
mass of liquid, the heated portions become lighten *.v the 
rest and ascend rapidly, conveying or carrying . , , ^^^ 
through the mass of the fluid. In a glass or ft^^^^ . ^^^ 
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Fig. 16. 



stance, with which a small quantity of any light insoluble 

powder has been mixed, a circulation of the fluid may be 

observed upon tjie application of the . flame of a lamp to 

the bottom of the vessel, the heated liquid rising in the 

centre of the vessel, and afterwards descending near its 

sides, as represented m the annexed Fig. 15. But when 

heat is applied to the surfece of a liquid, 

this circulation does not -occur, and the 

heat is propagated very imperfectly 

downwards. It has even been doubted 

whether liquids conduct downwards at 

all, or, indeed, in any other way than 

by conveying it as above described."* 

When such an authority as Professor 
Graham thus repeats the same views, as 
to the ascending and descending cur- 
rents causing the heat to be conveyed 
to all parts of a liquid mass, and accom- 
panies them with so precise an illustra- 
tion, it behoves us to be cautious, and 
to be assured that we have satisfactory 
grounds for questioning his authority. 
Professor Silliman,t adopting the same theory, observes, 
under the head ''Convection in liquids'' : "Although liquids 
and gases are very poor conductors of heat, yet they admit 
of being rapidly heated by a process of circulation called 
convection, ajjd which depends upon the free mobility of 
their particles. The *par tides of liquids and gases in im- 
mediate contact with the source of heat becoming warm, 

** Elements of Chemistrj,'» by Thomas Graham F R s professor of 
C^^emistrjr in University College, London. ' ' '' 

t ''First Principles of Physics, or Natural Philosophv '» By ^^"^amin 
185 ^^' M.A., M.D., Professor of Chemistry in Yale Colle e ^'®^ ^^'^^°* 
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and also specifically lighter, rise, and, moving away, make 
room for others ; this is cpntinued until all the particles attain 
the same temperature. The circulation just mentioned may be 
rendered visible by heating water in a flask containing a little 
bran or amber, over a spirit lamp, as shown in the annexed 
figure. The particles of liquid at the bottom of the vessel, 
where the heat is apphed, rise, and other particles of colder 
liquid come in below and supply their place. Thus two 
systems of currents are formed. In the centre of the ves- 
sel, ascending currents of hot particles and descending cur- 
rents of colder particles fiow down the sides ; this circulation 
continues until the whole mass has attained the same tem- 
perature." 

Professor Silliman, in his work just published, 1859, 
appears to have merely followed Professor Graham, and has 
given identically the same illustration of the fiask as in 
Fig. 15. 

It is here only necessary to say that this theory of ascend- 
ing and descending currents being the means of bringing 
all the particles into immediate contact with the source of 
heat, and thus effecting a uniform temperature in the mass, 
is altogether erroneous. The following experiments, which 
may be easily performed, will afford ample evidence, 1st: 
That the uniformity of temperature has no reference to 
these currents. 2nd : That it is solely attributable to the 
diffusion of the particles of vapor through the liquid. 3rd : 
That the falling of the motes of bran or amber are exclu- 
sively the result of their gravitation, until the proce®^ of 
ebullition (hereafter to be explained) begins and wt^^^ 
gives a mechanical force to their ascent by which circ^^^^^^ 
is produced. 

And see how liable we are to be deceived in the q.^^^^^^?' 
of these currents. By the mode of conductinc^ this ^^^^"^^ 
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ment, the flame of the lamp, as in Fig. 15, is applied merely 
to the centre of the bottom of the vessel, and, consequently, 
a large and rapid generation of vapor is created in that 
locality. Whatever light particles come in the way of this 
ascending vapor are carried upwards with increased force. 
These, however, on reaching the top of the liquid mass, are 
passed to the sides, out of the upward movement, and thence 
descend by their own gravity ; their motion downward, how- 
ever, is so slow, and even irregular, as unmistakably to 
show that it is not the water itself that is passing down- 
wards, but that the motes are passing through it. 

There is nothing, then j more remarkable than this acquies- 
cence without inquiry or proof on the part of writers of 
high standing and authority^in this theory, which attributes 
to these currents the progressive uniformity of temperature 
which pervades a mass of water from the moment heat is 
applied to it. So little doubt existed in the writer's own 
mind on the subject that he readily adopted the same 
theory, following Professor Brande, when examining the 
question of circulation in boilerSj in his treatise on *' The 
Combustion of Coal."* That ascending and descending 
currents do ultimately prevail is as certainly true— equally 
so that they are mainly instrumental in effecting circulation 
— ^in which sense the theory was there adopted. Subse- 
quent experience, however, distinctly proved that they 
have no reference to that homogeneity of temperature 
which prevails long before these circulating currents begin, 
and which are solely attributable to the action of ebulli- 
tion, as will hereafter be shown. 

In all these statements we see every thing is assumed — 
the heating and expanding of the water, the ascending and 

* ** The Combustion of Coal Chemically and Practically Considered.* « By 
Charles Wye Williamg, A.I.C.B. John Weale, London. 
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descending currents, and the supposed contact of every 
particle of the water with the bottom of the vesseL 

Gmelin himself observes — ^^ The communication of heat 
from the upper to the lower part of a liquid takes places so 
slowly that Rumford absolutely denied the existence of con- 
ducting power in bodies of this dass ;*' thus attributing the 
uniformity of temperature to these currents, the existence 
or possibility of which may be indisputably disproved. On 
this the following experiments may be considered as con- 
clusive : 

Five pounds of water which had lain some time in an 
open beaker had collected a quantity of brown light floccu- 
lent deposit on the bottom, and which the slightest motion 
would disturb. As this deposit covered entirely the bot- 
tom, it was impossible for any fresh body of water to reach 
the glass and receive the heat from it without disturbing 
and displacing such sedimentary matter. 

Heat being applied beneath and against the whole of the 
bottom, in one minute the thermometer indicated an increase 
from 56° to 57°, and continued for some time rising at the 
rate of about one degree per minute. Subsequently, the 
temperature throtiffhout the Tnass increased at a more rapid 
rate, but always with remarkable uniformity. Now, to 
suppose, in the words of Sir R. Kane, just quoted, that in 
such a body of water, and in a single minute of time, "every 
particle of the liquid is brought in succession in contact 
with the source of heat, and heated throughout,'* was physi- 
cally impossible. The same may be said of the continuing 
uniformity and homogeneity of the liquid mass, as such 
would ilivolve the necessity of every atom of the water 
coming momentarily and in succession into contact with 
the bottom. 

During this time whatever movements of the light par- 
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tides of the sediment took place upwards were due to the 
vapor rising in the cloud-like form through the mass in 
the process of diffusion. No descending currents, as men- 
tioned by these writers, taking place — the homogeneous 
character of the body, as to temperature, was manifestly 
resulting from some other cause, which had been overlooked. 
In further illustration — 5 lbs, of water at 60° were 



Fig. 16. 



^ 



placed in a large beaker, and heat from a 
spirit lamp, as shown in Fig. 16, was ap- 
plied to the centre only of the bottom of 
the vessel, to insure the formation and 
rising of the vapor in that locality, a ther- 
mometer was suspended so as to be out 
of the way of the centre ascending move- 
ment. Before one minute had passed the 
thermometer, as before, rose from 60° to 
61°, and continued for several minutes 
rising at the rate of one degree per minute. 
Yet it may unequivocally be said that no 
descending currents of the liquid took 
place. Tl\e action on the thermometer 
bulb was then owing exclusively to the diffusion, vertically 
and laterally, of the newly-formed vapor. 

Now, the value of this experiment consists, not so much 
in disproving the theory of descending currents, as that it 
ftimishes conclusive evidence both of the existence of the 
vapor in the water, and its diffusive action throughout the 
mass. 

The following experiment is still more conclusive, both 
as to the non-conducting property of water, and the descend- 
ing action of the vapor, and that such is the true cause of 
the uniformity of temperature throughout. 

A large blowpipe was applied to the flame of a gas- 
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burner by Herapath's apparatus. The flame was projected 
against a beaker of water, about two inches in diameter, 
and made to spread against the glass, as shown in Fig. 17. 
Ebullition soon took place, 
and the mixed vapor and wa- 
ter were seen rolling over and 
descending^ as here shown. By 
dipping a thermometer into 
the water, the line of influence 
of the hot stratum at a was 
clearly visible. This line may 
also be seen, in a wavelike form, descending until it reaches 
the bottom. It is here advisable to cover the vessel partial- 
ly, to prevent the too rapid escape of the vapor. This may 
be said to be the process by which the water in marine 
boilers becomes influenced throughout, and circulation ef- 
fected, until ebullition has commenced, the mechanical 
force of which further promotes that circulation. 

We wiU now proceed to consider and test the remaining 
part of the theory as to 

EXPANSION. 

On this, as on many other points, we are in general too 
much in the habit of yielding to plausible inferences, rath- 
er than be at the trouble of inquiry. Inferences, which 
would not stand the test of examination, are thus adopted 
and recognized until they obtain the credit of established 
facts. Of this the theory of expansion of liquids furnishes 
an apt illustration. 

Gmelin,now considered as of the highest authority, adopt- 
ing the same views, observes : " When heat is commvuai- 
cated to the bottom of a liquid, it diffuses itself quickly and 
uniformly throughout — not, however, by conduction, that 
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is, by radiation from particle to particle, but in consequence 
of currents in the Uqmd itself. The lower portion, which 
is heated, and thereby ea^panded, ascending, while the colder 
and heavier portion sinks.'** 

Here we have from this high authority the direct asser- 
tion, not dnly that the lower portion of liquids are heated 
by descending currents, but that, on being so heated, the 
liquid ea^ands and ascends in the mass. 

Thomson, in common with many other writers, has la- 
bored in endeavoring to reduce the amount of this ex- 
pansion to some general principle. 

Finding, however, that no general law exists respecting 
the expansibility of liquids, he is forced to conclude that 
" every liquid has an expansibility peculiarly its own, and 
which, therefore, may be called specific ;" adding that " all 
that can be done is to determine the degree of. expansion 
which each liquid undergoes when subject to a given tem- 
perature." Now, this very irregularity is alone sufficient 
to show that we are not on the right road to a satisfactory 
solution of the difficulty. There is, however, so much of 
harmony in all nature's laws that we may safely infer the 
existence of some sufficient principle from which uniformity 
may be deduced. 

All writers concur in saying that vapor and air follow 
the same law as gases or vapors of all kinds. Pursuing 
this inquiry, Thomson says that " Dalton and Gay Lussac, 
by keeping the gases experimented on rfry, were enabled 
to discover that all gases experienced the same augmenta- 
tion of bulk when subjected to the same augmentation of 
temperature." Hoping to find a similar coincidence in 
liquids, the subject was pursued with great labor, forgetting, 

♦** Handbook of Chemistry." By Leopold Omelin. Printed for the 
Cayendish Society. 
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however, that the atoms of gases, vapors, or other elastic 
fluids have no fourth state^ into which they may be re- 
solved by additional temperature; whereas liquid atoms, by 
heat alone, become, virtually, atoms of an entirely differ- 
ent class of bodies, and possessed of essentially different 
properties — ^as different in fact as are the elements of 
water — oxygen and hydrogen — ^in their separate states as 
gctseSy and their combined state as liquid water. 

Baffled in the attempt, Thomson comes to the conclusion, 
that " liquids differ from gases in this, that their expansi- 
bility is not uniform^ but that the rate of expansion increases 
with the temperature, and is, therefore, the greater, the 
higher the elevation at which a given quantity of heat is 
added to them." 

He saw the difficulty of reducing the rate of expansion in 
liquids to the law which regulated that of gases. Yet, by 
applying the law of the quantity of mpor present in any 
given body of a liquid, a sufficient solution of the rate of 
expansion would have arisen ; and this doubtless will here- 
after be determined. 

"Liquids^" he adds, "differ from gaseous bodies in a very 
remarkable circumstance. The particles of gaseous bodies 
repel each other, but those of liquids attract^ as is evident 
from their collecting together in spherical drops. It is 
obvious that this attraction between the liquid particles 
must act as antagonist to the expansion produced by heat." 
This.essential difference, then, clearly justifies the placing 
them in different categories, and destroys all grounds of 
comparison. 

Dr. Lardner observes— cc The same vessel will hold a 
greater quantity of cola than hot water. If a kettle filled 
with cold water be pl^^^^ ^^ ^^^ ^.^^ ^^^ ^^^^^ ^hen it 
begms to warm, wiU ^,^^^ ^^^ ^^^ f^^^ ^^^ t until it 
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ceases to expand.'? If by expansion the enlargement of the 
gross bulk of the water only is implied, this is true enough. 
But such expansion is the result of elementary atora.s being 
successively converted into vapor. In no other sense does the 
water swell And in that sense it never ceases to swell all the 
time heat is applied, until the point of saturation is reached. 

Again he says, — "Since the magnitude of any body 
changes with the heat to which it is exposed, and since, 
when subject to the same calorific influence, these dilata- 
tions and contractions, which are the constant effect of heat, 
may be taken as the measure of the physical cause which 
produces them — " 

This is doubtless correct when applied to individual 
bodies, among which the constituent particles of liquids 
may be classed, but not to the aggregate of those bodies. 
Here then lies the main source of error. If water were 
a body to be dealt with in hulk^ as a ball of iron or lead, 
and fcapable of receiving and conducting^ from atom to atom^ 
successive increments of heat, without any change in its 
status of liquidity^ we might, in such case, correctly infer 
its expansion. But water, or indeed any Uquid, has not 
that power or property of conduction among its constituent 
particles as metals or solids have, and consequently is in- 
capable of expansion in the sense of such bodies. Besides, 
heat, that invisible and imponderable agent, knows noth- 
ing of the mass of contents of the vessel. It deals only 
with the individual atoms of which the mass is composed, 
whether liquid or solid, and with which it comes into 
contact. When also we consider how nature in its won- 
derful economy apportions the combining volumes, weights, 
or other properties of matter, there can be no disproportion 
between atoms of liquids or solids, and units of heat. 
Their union is but part of the immutable law of nature. 
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Stamped on matter of all kinds. Each atom has not only 
its specific duty to perform, but the faculty of performing 
that duty ; none will be tried and found wanting. The 
power of the wind is but the sum of the powers inherent 
in each individual atom. So of the waves; or a crowd of 
human beings. Pressure, or power in the mass^ is then 
but that of accumulated individuals or atoms. It is to 
these, then, and their respective properties that our in- 
quiries should be directed. 

As water, or its constituent particles, cannot undergo 
any change, physical or dynamical, without some sufficient 
cause, liquid particles at the temperature of 32^ must con- 
tinue at 32^ until they have each received their equivalents 
of heat by which they lose their status of Uquidity. They 
are then, however, no longer liquid atoms — ^they are ab- 
solute atoms of vapor.* On what grounds then can we say 
that liquid atoms aire heated or expanded, and still retain 
their liquid form and properties'? Such an hypothesis 
would be contrary to the evidence of facts. To say that 
water can be a recipient of heat, or be expanded, while it 
retains the liquid state, and is also a non-conductor of heat ^ 
would involve a physical solecism, irreconcilable with rea- 
son and common-sense. Let us now reduce this to practice, 
and see how it will stand. 

When we inject a small portion of steam, say an ounce 
weight, into a pound weight or 16 ounces of water at 60°, 
we find the indicated temperature of the compound will be 
about 100°. By the ordinary theory, the water yrould be 
said to be heated to that degree. But how can this be 
reconciled with the non-conducting property of water ] 

For let us suppose this ounce weight of so-called ''heated 
water" to be diffused through the colder mass, how is 
it to impart its heat to the numerous atoms compos^ the 
6 
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16 ounces of this liquid 1 Let us go further, and suppose 
that the ounce weight of steam contained 100 atoms. On 
their injection into the body of cold water they miagle 
with, say, 1,600 Uquid atoms. Are we then to suppose 
that each of the 100 vapor atoms became divided into 16 
portions to raise the 1,600 to the uniform temperature of 
100^; or how are they to convey heat to each I — conducti- 
Ulity being out of the question. The homogeneous tempera^ 
ture of the mass would imply, either that each atom of 
steam was surrounded by 100 atoms of the hquid, or that 
a unit of heat had been imparted to each of the 1,600. 

But let us examine this still closer. An atom, or body, 
which cannot cemrfttc* or convey its heat to another involves 
an inability to receive or absorb it. If atom A has received 
a unit of heat, but is incapable of conducting it to atom B, 
what is to become of it? If A cannot pass it to B, neither 
can B receive it. The absence of the power of conduction, 
then, strictly implies the impossibility of receiving — and, 
consequently, of being heated or expanded. 

Daltouj generalizing, in treating liquids as if they were 
distinct bodies, falls into the same dilemma. ^^The changes 
in magnitude which a body suffers by changes in the heat 
to which it is exposed are called changes of temperature." 
This is also correct when applied to solids in which heat is 
conveyed by conduction from atom to atom. Applied to 
liquids^ the question is again raised — ^What are the bodies 
to which heat is applied, and which suffer such "changes 
in magnitude*' and temperature? Certainly not the mass 
or gross body of the Uquid, but the separate and physi- 
cally distinct particles, of which Dalton himself informs us 
all liquids are composed. It is of these, then, that "the 
variations in magnitude may be taken as the measure of 
tmpefature.^ 
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It is not a Kttle strange that writers who so well define 
the relations of solid bodies, in reference to heat, should 
thus deal with liquids as if they were integers of simple 
bodies, and not see the difference, practically, between them. 
Further illustrations in support of the assumed expansion 
of liquids, as given by writers of authority, may here be 
referred to, and it is important that they be examined with 
the view of detecting the cause of the errors they exhibit. 

Sir Kobert Kane observes: — "To measure the amount 
of expansion in liquids, a, in the 
annexed figure 18, is a glass tube, 
the neck of which is very nar- 
row, and bent, as here described. 
The tube is to be completely 
filled at the lowest temperature, 
and weighed. It is then to be 
placed upright in a cylinder of oil 
or water, 6, to which heat may 
be applied. The liquor expand- 
ing as its temperature is raised, the excess of the volume 
flows out of the cylinder beak c, and may be collected in d. 
When the apparatus has been brought to the highest tem- 
perature required, and that all further expansion has ceased, 
as is known by no liquid passing out at c, the tube is to be 
removed from the bath, and, when again cold, accurately 
weighed. The loss in weight is the quantity of liquid that 
has been expelled, and this compared with the whole orig- 
inal quantity, gives the proportion of expansitm^^ 

Here the expansion of the liquid is assumed as a positive 
law or fact The liquid is said to "expand according as 
the temperature is raised." With more correctness it should 
be said, that vapor is formed* in the same proportion as 
heat is taken up, and the bulk expands in the same ratio. 
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—the thermometer indicating a commensurately-increased 
temperature. Again, "When all further expansion has 
ceased, as is known when no further liquid passes out" 
Now, expansion never ceases as long as heat is applied. 
The several atoms of liquid, as they successively receive 
heat, are expanded into atoms of vapor, and, being re- 
spectively enlarged, occupy more space, producing an en- 
largement of the gross volume, a portion of which neces- 
sarily flows out as rapidly as the new vapor continues to 
be formed. 

There is then no difference whatever between the for- 
mation and expansion of the first and the last atom of 
vapor. 

Professor Brande gives a similar illustration, and draws 
a similar inference, namely: — ^that the proportions of ex- 
pansion of the liquid are estimated by the amount of over- 
flow. I'he important point, however, still remains unde- 
termined as to the cause of the increased volume of the 
mass.' Here, then, lies the oversight and consequent error. 
Had no part of the liquid been converted into vapor, and 
had none really existed in it, the inference would be legiti- 
mate, that the enlargement of the gross volume was due 
to the expansion of the water, though still retaining its 
liquid form. When, however, we not only see the vapor 
mo\ing about in the water, but escaping into the atmos- 
phere from the moment the heat is applied, we have proof 
of the formation of vapor, and of the gross enlargement 
of the mass due to the presence of those vapor atoms and 
the larger space which each individually occupied. The 
inference is logically correct, and no physicist can disprove it. 

But it may be said that the difference is merely one in 
terms; that the liquid atoms have truly absorbed the heat. 
This would be to assert that liquid and vaporous atoms 
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were the same — that the difference was merely nominal — 
confounding the essential properties of attraction or repul- 
sion due to each respectively. 

In all these assumed experimental tests we see the main 
oversight consists — 

1st. In ignoring the formation of vapor as rapidly as 
heat is applied. 

2nd. In overlooking the existence of the vapor atoms in 
the body of the water, and their diffusion throughout the 
mass. 

3rd. In assuming the liquid atoms to be the recipient of 
the heat without any change in their status. 

4th. In overlooking that vapor atoms, being necessarily 
individually larger than the liquid atoms, from which they 
were formed, fully accounts for the gross enlargement of 
the mass. 

The following is a simpler and more satisfactory experi- 
ment, exhibiting the same results. Insert a 
glass tube. Fig. 19, about three feet long, into 
the neck of a bottle, fitted steam-tight in thp 
cork. Into the bottle put as much water, say 
at 60°, as will bring the level to A ; both water 
and bottle being accurately weighed, place it i 
over a lamp, and let it be raised to any re- 
quired temperature indicated by the level, J?, 
in the tube. The difference between the levels, I 
A and B^ in the tube will then be the measure 
of the enlargement of the gross volume of the 
water. This would be a correct test of the 
expansion of the water under the prevailing 
theory, provided the vessel contained nothing j 
hut water. If, however, it be shown that vapor 
has been formed, and remains in i^, the infer- I 
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ence must be that that was the true cause of such enlai^e- 
ment. To test this fact, let it be immediately poured out 
into a heated flat dish, to give a large surface for the escape 
of the vapor, and which will be seen to rise in large vol- 
umes into the air, each atom necessarily carrying with it 
its own heat On the vapor having all escaped from the 
water, and the mass consequently returning to its initial 
temperature of 60®, and being poured back into the bottle, 
both bulk and weight will be found to be reduced, — ^the 
former to the level at C, and (assuming the temperature 
to have been raised to 212°) the loss of weight will be at 
the rate of two ounces for every pound of water. 

Dalton himself, while adopting the theory of expansion, 
has overlooked the existence of the vapor in the water. 
"All homogeneous liquids, as mercury and water, expand 
from the point of congelation or greatest density, a quan- 
tity always as the square of the temperature from that 
point." Now, that heat should be disposed of in expand- 
ing the water, is a direct negative of its application in con- 
verting it into vapor which, we have seen, carries that heat 
away. It cannot remain in the liquid atoms and go offitL 
vapor at the same time. Expansion of a liquid and for- 
mation of vapor, by the same heat, are then irreconcilable 
and contradictory processes. Nevertheless, he is even par- 
ticular in describing the precise quantity of vapor escaping 
at varying temperatures; thus: — "The comparative loss 
from evaporation between 212° and 138° were first ascer- 
tained. At 212° it amounted to between 30 and 45 grains, 
and at 164°, it was 10 to 16 grains per minute." 

Here the assumed heating and expanding of the liquid 
is directly refuted by accounting for the disposal of the 
heat in the escaping vapors ; — for if 30 to 45 grains of 
vapor escaped from the water at 212° to 138°, where could 
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that vapor have previously been but in the water out of 
which it rose ? Instead of the heat being employed in ex- 
panding the liquid particles, it must have gone to the con- 
version of the 30 to 45 grains of vapor per minute. All 
through, this theory of expanding liquids leaves the ques- 
tion untouched as to how and where the vapor is formed. 
We are not told how an expanded liquid could be enabled 
to leave the vessel and rise into the air; or, by what mira- 
cle it could assume the state of an elastic fluid without any 
further accession of heat. 

Dr. Ure says, on the verge of 212^, the volume of a cubic 
inch of water was enlarged i\rth, but at 212*^, to that of a 
cubic foot, or 1,728 cubic inches. 

In such case this greater expansion must have been sud-^ 
den and explosive^ the intermediate stages from 32° to 212® 
being altogether overlooked. Yet, during all these stages, 
we have absolute proof of the continued formation and 
escape of vapor. 

" The attraction among the liquid atoms,'' says Thom- 
son, ''must act as antagonist to the expansion produced 
by heat." 

Here we have a refutation of the expansion theory in 
the very words used in its assertion, which imply that at- 
traction and expansion were co-ewistent ; in other words, 
that bodies were under the influence of attractive and 
separative forces at the same time. 

Why, then, have recourse to this abnormal theory in 
accounting for the enlargement of the gross volume, when 
we have a more rational and scientific solution in the pres- 
ence of vapor atoms in the ratio of the heat received— the 
sum of their individually increased volumes giving a satis* 
&ctory reason for the gross enlargement. On the other 
hand, the heating and expanding theory involves the still 
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greater anomaly of assuming the conversion of liquids into 
vapor by a cooUng rather than a heating process, namely, by 
exposing it to the colder atmosphere. Feeling the difficulty 
of giving a satis&ctory solution of these anomalies, writers 
have either passed them by, or have suggested merely 
speculative theories. 

Correctly speaking, then, there can be no such thing as 
heated or expanded water, or other liquids, even as regards 
mercury, which only follows the general law. In ordinary 
language, and as a mere conventional term, we may speak 
of water being heated and expanded, and of having an in- 
creased temperature. When, however, we are treating the 
subject in a scientific point of view, and with reference to 
the strict nomenclature adopted by chemists, we should 
avoid whatever may be unwarranted, as but tending to 
confusion, and this may lead to serious complications. 
Water may be spoken of as being mixed with vapor^ as 
with air J and its variations of temperature described ; that 
temperature, however, should be attributed to its right 
source — ^namely, the quantity or number of vapor atoms 
then present in any given space — these being the true and 
only source of dynamic effect. 

On the whole, then, we have sufficient to justify the fol- 
lowing conclusions: — 

1st. That water, or other liquids, being incapable of 
compression^ are equally incapable of expansion. 

2nd. That water, being a non-conductor of heat, must 
also be a nonnrecipient of it. 

3rd. That as it cannot be heated or expanded, and still 
retain its liquid form and properties, it cannot be thermo* 
metrically affected. 

4th. That its enlai^ed volume is attributable, not to any 
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meastire of expansion as a liquid^ but to the presendb of 
vapor in it, in the state of an elastic fluii 

5th. That this condition is in entire accordance with 
the recognized laws of all elastic fluids. 

The respective properties of liquid and vaporous atoms, 
as regards the changes they undergo by heat, from the 
liquid to the vaporous state, may be thus described : 



LIQUID ATOMS. 

1 — Gravity. 

2 — ^Latent Heat 

3 — ^Mutual Attraction. 

4 — ^Mobility, inter se, 

5— Non-Conductibility. 

6 — ^Incompressibility. 

7 — Inexpansibility. 

8 — ^Negative Electricity. 



VAPOR ATOMS. 

1 — Gravity, 

2 — ^Latent and Sensible Heat. 
3 — ^Enlarged Volume. 
4 — ^Increased Temperature. 
5 — ^Mutual Repulsion. 
6 — ^Diffusion or Divergence* 
7 — Conductihility. , 

8 — Compressibility, 
9 — ^Expansibility. 
10 — ^Positive Electricity. 



SECTION V. 

ON THE BOILING POINT. 

Pkeparatory to a consideration of the practical applica- 
tion of the terms "ebullition/' or "boiling point," it will 
be advisable to examine the true relation which heat bears 
to water in its progress to that point. 

In a recent publication on the laws of steam, the writer 
opens the subject by observing: — "It is now almost a cen- 
tury since Dr. Black announced his discovery in heat, and 
the laws have ever since been the subject of investigation 
and experiment We have learned much about the phe- 
nomena of heat since then, but the relations between the 
pressure^ the density^ the heat, and the temperature are yet 
undetermined.^* 

No light, however, is likely to be thrown on the subject 
by an examination which begins by adopting, without in* 
quirtf, the common but erroneous theory that water becomes 
the recipient of heat, although still retaining its liquid form, 
and in assuming, also without inquiry, that 'the relations 
between the pressure, the density, the heat, and the tem- 
perature, are influenced by separate laws. 

The following extracts will show how the writer has ad- 
hered to these views, namely: — ^" Water retains its heat 
onltf under pressure. If the pressure be released, the heat 
which it is then unable to retain, is carried off by the for- 
mation of steam, until the increasing pressure and the 
decreasing heat are again in equilibrium." 

With equal regard to fact might it be said that a pound 

90 
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weight of shot retains its heat only under pressure. In 
truth, pressure has no more relation to the chemical ab- 
sorption or retention of heat by the atoms of water than by 
the grains of a body of shot. 

Again, "To retain a certain quantity of heat in water 
requires a pressure which increases directly as the 4J power 
of the number of the units of heat. That pressure is 
maintained on water by its own steam^ therefore, when the 
heat and pressure are in equilibrium, which is the case when 
the steam attains the pressure due to that temperature, the 
pressure of the steam will be measured by the 4^ power 
of the units of heat in water." 

This theory appears based on the double mistake, 1st, of 
assuming water to be a body in the sense that we speak of 
a body of lead, rather than as an aggregate of separate 
bodies, say of a given weight of shot; and 2ndly, that it is 
only when it can retain no more that the heat goes to the 
formation of steam. 

Were that the case, how, it might be asked, are we to 
account for the formation and visible appearance of steam, 
from the moment the heat is applied^ and while the indicated 
temperature of the mass is but a single degree in advance, 
from the starting point % 

Again, when it is said that " The pressure on water is 
maintained by its own steam,'' it implies not only a vary- 
ing degree of pressure above and below the surface of the 
water (which is opposed to fact), but that the water and the 
steam above it are antagonists as to pressure. Now the 
uniformity of temperature which prevails in the water^ and 
(Aove it, in close vessels, ought to be conclusive as to a cor- 
responding pressure, or, what is the same thing, a corres- 
pondence in the quantity of vapor in both places, in excess 
of saturation. If this were not the case, Dalton's law of 
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the water acting the part of a yacuom to elastic fluids 
would be erroneous. 

The number 212^ is said to indicate the maximum tem- 
perature of water under atmospheric pressure. This, how- 
ever, has been already shown to be exceptional, seeing that 
even a much higher temperature may be reached without 
dmUition or any increase of pressure. We have still then, 
to ascertain the true relation between 212® and the boil- 
ing point 

We must here deal with the subject analytically, that 
we may understand and apply it practically. In this way 
Dalton and Davy proceeded, and were enabled to throw so 
much light on the constitution and characteristics of mat- 
ter, and produce those results which have raised chemistry 
to the rank of an exact science. We have then to consider 
the matter of water not in the mass^ or as a single body, 
but as an aggregate of bodies, the constituents of which, 
and their several relations to heat, are the direct object of 
inquiry. In this way we are led to examine the action 
and influence of the smallest elementary portions of the 
one with the smallest elementary portions of the other. Dal- 
ton rightly observes: — ^''All bodies are constituted of a 
vast number of extremely small particles, or atoms, bound 
together by a force of attraction. Besides this we find a 
force of repulsion. This is now generally, and I think 
properly, ascribed to the agency of heat" 

An inquiry into the constitution of the matter of water 
in reference to heat and temperature, should then have 
reference, not to the mass, but to its elementary molecules 
or atoms. We know that it must be with these, as inde* 
pendent bodies^ that the heat has combined, and that the 
result of such individual unions must be, not that the 
whol^ body hw been heated, but that such heat has been 
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jconfined to the individual particles which have been affected 
hy it and converted into vapor; just as it could not with 
truth or relevancy be said that the entire of a regiment in 
the barrack were diseased and equally influenced because 
some few, more or less, of the body, had been affected by 
coups de soleil. We must never lose sight then of the 
fisMJt that a body of water or any other liquid is as much, 
to all intents and purposes, an agg[regate of individuds, as 
an army or a crowd. 

We are not here inquiring into the nature of heat, but 
into the effect, physically and dynamically produced by its 
absorption or union with the atoms of the matter of water. 
If then, as is the case with all other descriptions of matter, 
equivalent determinate quantities are essential in producing 
given results, we have no reason for doubting that the 
same law applies to heat, in its several combinations with 
the matter of water. We know to a physical certainty 
the gaseous constituents of each elementary atom of water; 
we have then no rational grounds for objecting to treat of 
such atoms in their respective unions with heat. 

A preliminary word may here be said on the subject of 
the ^'unit of heat.^^ This is generally taken as being repre- 
sented by a degree of the mercurial thermometer scale. 
Professor Eankine observes: — "For the purpose of ex- 
pressing and comparing quantities of heat, it is convenient 
to adopt as an unit of heat^ or thermal unit^ that quantity 
of heat which corresponds to some definite interval of 
temperature in a definite weight of a particular substance. 
The thermal unit employed in Britain is the quantity of 
heat which corresponds to an interval of one degree of 
Fahrenheit's scale in the temperature of one pound of 
water at, or near, its temperature of greatest density." 

This may be a conventional and conveni^^^ ^^ ^ ^ 
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commerdal point of view ; but, scientifically considered, 
by what law, or on what principle, are we authorized in 
assuming each degree on that scale to be commensurate 
with a definite unit of heat? The graduation of the mer- 
curial thermometer is a mere arbitrary process; and, look- 
ing to the extreme divisibility of matter, we are equally 
justified in assuming that countless myriads of units of 
heafrare required to produce the change corresponding 
with each single degree of the mercurial scale. We can- 
not, it is true, speak of atoms of heat, imponderable as 
they are ; yet, in a strictly scientific inquiry into the rela- 
tive quantities absorbed and brought into union with equiv- 
alent quantities of water, we are justified in speaking of 
it as in divided portions. We may then allude to them 
under the term doses or units of heat, and their reference 
to increments of temperature.* This narrows the question, 
and warrants our speaking of one or more units of heat in 
combination with one or more atoms of vapor. Without 
some such synthetic process, all experimental researches 
must continue vague and unprofitable. By this atomic 
process we are enabled to decide, chemically aud physically, 
on all combinations of matter. Under this system of 
equivalent atoms or quantities we are enabled to under- 
stand how, and why, the air we breathe, and by which life 
is sustained, is identical, in its elements, with that most 
destructive compound nitric add, by which animal life 
would be instantiiy destroyed; and that the only difference 
between these life-sustaining and life-destroying combina- 
tions is one of mere definite proportions or equivalents. 



* '*MoBt bodies are snBoeptible of three states of ezlstenoe ; namely, the 
solid, the liquid, and the elastic, or vaporons ; and all these are affeoted by 
the iatrodaotion of different dbteto/'caZortc.'' — Beei. C^c, Condemation. 
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Ey a process of experimental investigation, inductive of 
credibility, we shall be enabled duly to appreciate and de- 
termine the equivalents of heats in combination with 
liquid atoms, and the further important differences, physi* 
cally, dynamically, and even electrically, between them and 
their resultant atoms of vapor. Without some such pro- 
cess we might as rationally expect to have a thorough 
insight into the nature or composition of matter, or the 
anatomy of the human frame, by merely observing the 
motions of men, or of liquid bodies in the mass^ as to sup- 
pose we could obtain a knowledge of the relation which 
heat bears to hquids or vapors by merely observing the 
currents or other movements of a mass of boiling water. 

To understand the anatomy of water in combination with 
heat in any of its states, we must do as anatomists or 
chemists would. We must, with a microscopic spirit of 
inquiry, look into the organization and mutual action of 
units of heat on the constituent particles or atoms of the 
water. 

Heat acts on, and vaporizes the liquid atoms in the hu- 
man frame in the same way, and under the same immutable 
law as it does in liquids, in any other form or phase. To 
call it exceptional that the thermometer should indicate no 
higher degree of temperature than 212^, is as irrelevant to 
the cause of that temperature as it would be to character- 
ize it as exceptional, that the blood in the animal economy 
should not exceed 98 degrees, notwithstanding the con- 
tinued additions of heat realized on each inspiration. 

In liquids, when the tiiermometer indicates 212^ futthei 
increments of heat are absolutely available, not ^ itxft^^^" 
dng or increasing the temperature in the mass^ \v\jicb- ^^^ 
only do by remaining in it^ but as g^^^eratit^g fat^^^^ 
of vapor ; tiiese, however, being ^^ loug^^ ^t^^^^^ 
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What then takes place in vaporizing a single atom, mnst 
be equally applicable in the case of the myriads constituting 
a body, or even a single drop of water, and which presents 
the type, principal, and process of the change as truly as if 
it were one of a body at the boiling point. 

With reference to the distinction between latent and 
sensible heat, it is manifest that the first equivalent, or unit, 
of heat absorbed by each single atom of ice^ and by which 
it is converted into a liquid atom, must be latent, and be 
rightly termed the statical heat, inasmuch as it produces 
the true statm of liquidity without exercising any dynamic 
effect — ^the indicated temperature remaining the same, say 
at 32^ Fahr., both of the solid and the liquid atoms. This 
complement of latent heat being thus satisfied^ the next 
unit or increment received must, ex necessitate^ be sensible 
or dynamic ; and as such produce a further physical change 
in the constitution of the atom, as already explained, namely, 
converting it into one of vapor, and imparting to it the 
property of repulsion, with enlarged volume. Now, as we 
cannot conceive an atom of ice in a semi-soUd, semi-fluid 
state, neither can we conceive an atom of water in a semi- 
fluid, semi-vaporous state. We have, then, no alternative 
but that of attributing to this last unit or equivalent of 
heat, the cause which changed its negative character of a<- 
traction to that of di positive or repelUng action. When, 
also, we take into consideration the inappreciable minute- 
ness of each atom of the liquid, we have sufficient grounds 
for not undervaluing the effect of heat in its units on the 
single atoms of the liquid mass. 

It is not necessary that we should here adopt, or even 
examine, the recognized theory of latent heat being in the 
proportion of 6 to 1 of sensible heat. Were that admit- 
ted, we should have to infer that each liquid atom, on be- 
7 
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coming one of vapor, had been combined with 5 units of 
heat in the latent state, and one in that of sensible or ther* 
mometric. (How far it may be probable that two units 
are necessary to form the complement of latent heat, arise- 
ing from the known facts that each atom of the liquid is a 
compound of two atoms^ — ^hydrogen and oxygen — ^in a 
word, that we have to deal with an electrolyte^ must be de- 
termined hereafter by others.) 

The requisite equivalents of latent and sensible heat 
being absorbed by, associated with, or united to the liquid 
atom, its conversion into one of vapor is complete^ and from 
the state of an inelastic body, with the property of attraC'^ 
Hon and mobility^ it has assumed that of an elastic fluid, 
with the opposite properties of repulsion and divergence. 

Looking then at the fact of each atom exercising an in- 
fluence in proportion to its weight, volume, and power of 
repulsion, we are enabled to appreciate and apply Dalton's 
rule, that " the force and pressure of steam is the same in equal 
weights and at all temperatures.^^ In other words, that a 
grain weight of water, or a million of its atoms, when con- 
verted into vapor, will exercise the same '-''force and pres' 
sure J ^ whether raised from a body of water at 32^, or 212®. 

By proceeding in this synthetical mode, we logically in- 
fer that the temperature and pressure must be in the ratio 
of quantity^ or number of atoms present^ in any given space 
— each representing unity — ^pressing, by the mere effect 
of accumulating numbers, on the bulb of the thermom- 
eter, and producing a commensurate effect in the indica- 
tions of temperature. When, therefore, we say that vapor 
is at the temperature of 212°, it cannot be supposed that 
the temperature of each atom was 212°. Were that the 
case, the aggregate of heat imparted would, by accumula- 
tion, become inconceivable. We are then compelled to 
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consider the indicated temperature merely as the wm of 
the units then present. 

By this simple process, we shall find that the alleged 
anomalies, hereafter to he noticed, will be disposed of, 
while the number or qiuintity present in each given space^ 
wiU be the measure of elasticity, pressure, force, volume, 
and temperature, and the several other conditions incident 
to steam in the mass. 

In illustration of the theory of unity, or units of heat 
being sufficient for the generation of vapor, let us suppose 
a sheet of paper containing the smallest possible quantity 
of water, say in the state called damp. That quantity must 
still, however, be regarded as an attenuated sheet of liquid 
atoms. If the paper be then exposed to the air, at a tem- 
perature but a single degree in advance, these atoms will 
nevertheless be subject individually to the same process, 
and receive their respective equivalents of heat, and be con- 
verted into atoms of vapor, as if they had been portions 
of a large mass of water. Each, then, will also become as 
true and complete an atom of vapor as if it had been gen- 
erated at the boiling point. 

What, then, may be asked, is the quantity of heat which 
a body of water could receive and absorb, while still retain- 
ing its liquid form? Can it be more than that which its 
atoms had respectively received on being changed from the 
fixed state as ice to that of liquidity ? If so we are not 
warranted in assuming that the water, or unvaporized por^ 
tion of the mass, can have any free or sensible heat: in a 
word — that it cannot be thermometrically heated or in- 
fluenced so long as it retains its status as a Uquid. Why, 
then, look to it for that sensible heat which influenced the 
thermometer at 212°, or any other figure, seeuig that the 
vapor, continuously formed and retained in the water, sup- 
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plies an ample and legitimate source of influence, and that 
this view is at the same time consistent with physical 
appearances. 

The oversight which so universally prevails consists in 
looking in the wrong direction for the results of the heat 
applied: 1st, in assuming it to be chendccUfy combined with 
the body of the water, instead of with those only of its 
elementary atoms with which it comes into contact; and 
Sndly, forgetting Dalton's well-established law, that vapors, 
as elastic fluids^ are but mechanically mixed vdth the liquid 
medium in which they may happen to be. 

In neglect of these two all-important considerations, we 
look to the body of the water, in its liquid form, as the 
chemical recipient of the heat, in the very face of the 
vapor which we see mechanically disconnecting itself 
from the water, and thus carrying away that heat. 

Water, then, in the state of liquid, and at all tempera- 
tures, must be considered as a mechanical compound of 
liquid and vapor particles. So also the boiling point, and 
the temperature of 212°, must be considered without refer- 
ence to the water, but rather as irrespective of its presence, 
«s if it haj merely represented a vacuum. 

We will now contitiue the inquiry as to what takes place 
w arriving at this teo^p^^^^^ ^^ 212° and after it has been 
reached, and i^ ^j^^^ the process of ebullition consists. 
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SECTION VL 

ON EBULLITION, 

This section is perhaps the most important of the series, 
and brings most prominently into view the discrepancies 
between the prevailing theories and those physical illustra- 
tions whidi experiment places within the scope of our 
senses. By these illustrations we are enabled to understand 
and appreciate the cause of those oversights which have so 
long led us. astray as to the relation which heat bears to 
fluids and vapor. They are, however, so palpable, that it 
the more excites surprise how long and perseveringly we 
have wandered from the right road into the field of con- 
jecture, and almost fiction, while the landmarks, which 
nature has unmistakably supplied, were so visible, but so 
neglected. To these, then, as marking the various and 
progressive stages of nature's processes, attention is here 
invited. 

When, for instance, we see globules in a body of water, 
or bubbles breaking on the surface, we are warned not to 
pass them by as trifles unworthy our attention. On the 
contrary, we should inquire both into their causes, and the 
results to which they lead. To neglect them in chemical 
researches would be as unvirise as for the mariner to disre- 
gard the Ughts and beacons which have been set up to 
direct him in his othet\^ge pathless course. 

In the inquiry befo^^ ^g^ we should watch and exft«^® 
whatever comes withi- the ^^^^ ^^ ^^^ outward ae^®®*> 
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and avail ourselves of their aid in tracing nature's various 
and appareiltly mysterious workings. 

Having already described the phenomena accompanying 
vaporization, or the conversion of single atoms of a liquid 
into those of vapor, and the peculiar repellent properties 
which the atoms possess after such conversion, we have 
next to consider the eflfect of a continued application of 
heat to water. 

Ebullition has been so variously described by writers 
that we may be permitted to doubt their accuracy. Some 
of the prevailing errors, however, may here be noticed. 
Among these is the very ordinary one of connecting the 
mere appearance of surface huhbUng with the fact of boil" 
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ing — ^associated as the latter is with the high temperature 
of 212^ Fahr. To avoid this (which will hereafter be 
shown to be a palpable error), we must examine the process, 
in all its details, and with a degree of attention it has not 
hitherto received. 

With the exception of the air bubbles and the cloud or 
flame-like appearances already described, which accompany 
the continued application of heat, nothing will be visible 
until the thermometer indicates a temperature of about 
180^. Small luminous spicula will then be seen starting 
from the bottom, in conical flashes; their luminosity aris- 
ing from the light of the flame beneath. If the process 
be carried on gently, and in sufficiently tall vessels, each 
of these cones will be seen producing a single small globule 
as shown at No, 1, Fig. 20, which globule may be distinctly 
traced in its ascent to the surface. It is a mistake, then, 
to suppose that visible globules, once formed, are condensed, 
or disappear before they leave the water ; this only occurs 
when they burst, and are dispersed in the air at the 
surface. 

As the generation of vapor in the water proceeds, these 
spicula increase in number and size, each giving out two 
or more globules as at Nos. 2 and 3. Subsequently, these 
are produced in such rapid succession, and from the base 
of the same spiculum, as to give the cones a vibratory, ox 
rather pulsatory character, each pulsation resulting in a 
separate globule, and containing, probably, myriads of 
^ms.* 



♦ Omelin obsenres :--«« ^. , - sniaU, In tbe matliematl. 

oal 161186 of th6 word, but >v ^'^ ^®* ^^^'^ te magnitude, wMoh oannoi 
be geparated into smaller ^ ^^^8 Of determ^*** ^al or otber foroea. They 
are of definite weight, dil*^*' either by «aeo\ ^unite form; an* theae 
are constant in the ato^^^^e «,agnitttde, •^^oe,^^^ ^^ differ in thoaa 
of different sub«tanoea.>. * ^^ the game su^^* 
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In such number are these globules formed, that the body 
of the water becomes so full of them as to resemble the 
white flakes of a shower of snow. This separation into 
globules will continue until the temperature is near 212°, 
when each succeeding cone or spiculura, with its rapid pul- 
sations, will ascend in an unbroken series — ^producing on 
the surface, by the rapidity and mechanical force of their 
ascent, the appearance called ebullition, or boiling, as 
shown at No. 4. 

It is from these spicula that the sounds proceed, which 
have been described in such a variety of ways. Each spicu- 
lum being as it were a hollow cone^ on its rise and separa- 
tion from the bottom, the water which it had displaced re- 
turns with a sharp action or blow, striking the vessel, and 
producing a sound, the character of which will be deter- 
mined by the nature of the vessel, tin or copper giving 
a shriller note than glass.* 

These cones are in fact, incipient ebullition^ or the first 
stages of those groupings of vapor which ultimately form 
large bubbles on the surface, and where, on reaching the 
lighter medium of the air, they enlarge to the full volunle 
of which they are susceptible under atmospheric pressure. 

It is here important to observe that although the body 
of the water may appear full of these small globules, they 
nevertheless originate, or are derived from a very few 
cones or spicula, the number of which diminishes even 
after ebullition has begun. To obtain a better class of ob- 
servations, it is advisable to use large beakers or bottles, 
containing 5 or 6 lbs. of water, and to apply the heat 

* If diBtlUed and filtered water be raised to the boiling point In a large 
glass bottle, but balf-filled, and without being corked or closed, each sepa- 
rate soand arising from each splonlnm will then be the more distinctly 
heard. 
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gradually — ^thus allowing time for noting the origin and 
ascent of the globules, and affording a longer interval for 
observation between their successive formations. 

As the invisible atoms of vapor generated from the bot- 
tom stratum will necessarily be more numerous than those 
in the strata above it, among which they may become dif- 
fused, and fitrther asunder, the water at the bottom will 
sooner arrive at what may be called local saturation. When 
that takes place, there arises a remarkable tendency in 
these vapor atoms to rush towards any motCy point, or foreign 
matter that may be present, and by which these cones or 
aggregates of vapor are formed. 

If the glass be perfectly clean, and the water free from 
foreign matter, none of these aggregates or globules will 
appear, and the process, even beyond the boiling point, 
will proceed without such groupings, and consequently 
without noise or ebuUition. 

As the same weight of water will be evaporized by the 
same amount of heat, ebullition does not appear to have 
any effect in increasing the quantity or rapidity of vapori- 
zation; this will, however, require a course of more ac- 
curate experiments, as being contrary to the received 
opinion. Dr. Ure distinctly says that ebullition &vors 
vaporization. This, therefore, as a moot question, seems 
open to ftirther inquiry, and will no doubt be determined 
by future experimenters. 

The atoms of vapor, which, by rushing together, form 
these luminous cones, with their resultant globules, will 
not be allied by forces acting in the viray of cohesion, but 
are mere mechanical, probably electrical aggregates. Their 
aggregation, however, being apparently so opposed to the 
mutually repellen,t action which characterizes the atoms 
of elastic fluids, we are forced to infer that some new 
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and different influence is at work in producing this effect 
Being so direct and invariable an accompaniment of the 
addition of heat (when foreign matter is present ), it seems a 
legitimate inference to consider it as thermo-electric — ^the 
more so as this tendency to rush towards points bears so 
strong an analogy to the tendency which results in the ag- 
gregation and discharge of vapor from a cloud in a positively 
electrical state, when any point in an opposite or negO' 
tive state is brought within the range of electrical influence. 

These groupings are, at first, formed only among the 
atoms of vapor, which emanate from the lowest stratum 
of the liquid mass. As soon, however, as the quantity of 
vapor in the water increases, andT the mass becomes homo- 
geneous, and saturated with it, this tendency to rush to- 
wards foreign matter will be found to prevail throughout 
the body of the water ^ even to the sur&ce stratunii* In- 
stances of this will presently be given. 

Another feature of these groupings is, that they are not 
confined to any particular point, but change their position 
as the points or foreign matter move about on the bottom 
of the vessel, as presently wiU be shown. 

Where, however, any mote or point may appear to be 
Jia^ed, or adhering to any locality, it will remain there as a 
permanent nucleus for such groupings until it be removed. 

The most important peculiarity of these groupings is, 
that they have no relation to the heat absorbed at their re- 
spective bases. They are merely composed of the vapor 
atoms which have been already generated in their vicinity^ 
and within the range of some certain influence, wheth^ 
tiiat be electrical or otherwise. 

With reference to these appearances. Sir Bobert Kane 
observes: — "Water boils in a glass or porcelain vessel im- 
der a pressure of 30 inches (ordinary atmospheric pres- 
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sure), not at 212^, but 214^: and in graduating a ther- 
mometer it is necessary to use metallic vessels. This latter 
appears to /at^or ebuJUtian by the minute irregularities of 
its surface affording a nucleus for steam to/arm^ as a crystal 
dropped into a saline solution facilitates the crystallization; 
and if the smooth sur&ce of the glass be removed in a 
single point by a scratch with a diamond, the bubbles of 
steam will be seen to form there before the general mass 
ef Uquid begins to boil." 

In this description there are some points which will not 
bear the test of examination. In the first place, the 
^^ general mass^ of a liquid does not boil. Ebullition, or 
boiling, is solely the local commotion which originates in 
the several groupings formed at the bottom (as hereafter 
explained), and then rising through the body of the water. 

To say, then, that " the irregularities afford nuclei for the 
^^ steam to/arm,^^ is confounding the visible appearance of 
steam, in the shape of globules, with its invisible genera^ 
Hon. Steam can only be formed or generated by the union 
or further increments of heat with additional particles of 
the liquid, and can, therefore, have no relation to the rough- 
ness caused by the scratch of the diamond. The bubbles, 
above spoken of, are the mere aggregates of the vapor 
atoms previously formed^ although invisible, inasmuch as 
they must exist before they can so rush to the points or 
projections produced by the rough edges of the diamond 
scratch, or any other projections or motes accidentally 
presented to them. So the vapor atoms in the air must 
have previously existed before they could be grouped by 
the electric action, and descend in a shower of rain drops^ 
as seen after a thunder storm. 

But the analogy between crgstalHzatian and the format 
Hon of steam globules is inadmissible. The former is the 
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mere collocation, or arranging, under certain laws, of solid 
atoms already eadsHng and without reference to any acces- 
sion of heat. The crystal dropped in then merely facili- 
tates the arrangement of the saline or other particles al- 
ready existing. Vapor atoms, on the other hand, do not 
exist until they have received their respective equivalents 
of heat. 

Metallic vessels differ from glass or porcelain, in reference 
to ebullition, merely in having rougher sur&ces, and, 
consequently, presenting more projections to act as nuclei, 
or negative points, for the formation of these aggregates 
or vapor atoms. 

It may here be observed that when impure, undistilled 
water is boiled in a glass or metallic vessel, the act of 
vaporization leaves behind and attached to the vessel the 
matter that may be in solution. These deposits then be- 
come fixed points or projections, and form nuclei for the 
groupings; and as metallic vessels cannot be cleaned as 
glass may, permanent sources or fteries of nuclei are thus 
formed. (Occasionally small groupings may be noticed on 
the glass of the thermometer bulb; these should at once 
be removed by withdrawing and wiping it with a dry 
chamois leather.) 

Professor Brande, referring to these appearances, ob- 
serves : — " The influence of the quoKty of the surface of the 
vessel, its cleanliness, and other circumstances, upon the 
boiling point of water, has been examined by F. Marcet 
(Ann Ch. et Ph.) He found that in glass flasks the boiling 
point of water varied with the quality of the glass, fluctuat- 
ing between 100° and 102° of the centigrade scale. If 
the glass vessel be perfectly cleaned by solution of potassa, 
or by sulphuric acid, and all chemical and mechanical matter 
removed, water may be raised in it, without haiUng^ to 105° 
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(=220^ Fahr.) In all these cases the degree of adhesion 
between the water and its containing vessel appears to be 
the cause of the fluctuation at which boiling ensues." 

Here we have the same theory of the water being the 
recipient of the heat^ but without reference to the existence 
of the vapor; yet to that vapor and the increased quantity 
present is the increase of temperature alone attributable, 
irrespective of ebullition or boiling. 

That the adhesion between the water and the containing 
vessel can have no influence whatever, will be evident, 
.since ebullition and violent commotion (which is merely 
accidental) may be produced, even when the glass is per- 
fectly dean, and the water absolutely free from all matter 
in solution. 

None of these writers, we see, refer to the true and first 
cause or source of ebullition, namely, the presence of vapor 
in the water in excess of saturation; yet, without this, no 
groupings, and, consequently, no ebullition can take place, 
as such does not begin until the quantity of vapor present 
approaches the point of saturation. This point, as already 
stated, will be reached when the diverging^ or self-repeUent 
force of the vapor atoms, inter se^ and throughout the mass, 
are in equilibrio with the converging pressure arising from 
the density of the water medium surrounding them. 

Now, this equilibrium, of itself, demonstrates the presence 
and influence of the vapor; since, if the heat had been ab- 
sorbed by the water {qua water, or liquid atoms), these 
atoms having no repellent property, and being influenced 
by gravity alone, would rise and remain uppermost; con- 
sequently, uniformity of temperature throughout the mass 
could not exist. 

This point of saturation, commonly called the boiling 
point, wiU then be determined solely by the quantity of 
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vapor present in any given space; in water it takes place 
when that quantity indicates the temperature of 212° Fahr., 
in alcohol 176°, in sulphuric acid 630°, and in mercury 660°. 

Let it now be assumed that 1,000 atoms of vapor, in 
any given space, is the saturating quantity in water; until 
that quantity be present there will be no tendency towards 
these groupings, and, consequently, there will be no ebul- 
lition ; nor, even though the required quantity should be 
present, unless there be some motes, points^ or foreign matter 
present To this alone is attributable the fact of the tem- 
perature of 220° and upwards being reached without ebul- 
Ution, bubbling, or any disturbance or noise. 

Some experiments may here be described as affording 
demonstrative evidence in support of these statements, viz.: 
— ^Five pounds of well-distilled water at 60° were put into 
a perfectly clean bottle, with a thermometer inserted in a 
cork, as in Fig. 21. A small hole, one quarter inch wide, 
was left in the cork, to allow the air and vapor to escape, 
and prevent any extra pressure. Through this hole also 
any foreign matter may be introduced. An Argand bur- 
ner being placed under the bottle, and the temperature 
raised to 212°, or above it, and without ebullition, the water 
may then be said to be saturated with vapor. In this case 
the water, according to Dalton's law, will be merely acting 
the part of a vacuum for the vapor or water gas. 

To test the presence of the vapor, and the feet of satu- 
ration, let the end of a fine rod, or tip of a feather, be 
introduced through the hole in the cork, as shown in Fig. 
21, and pushed down just below the surface of the water. 
The presence of an excess of vapor will then be ascertained 
by its rushing into contact with the object introduced, 
around which groupings of vapor atoms will be formed, 
and collect in bubbles on the surface of even a large size. 
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On pushing the rod or feather down into tb.e water an^l 
even to the bottom, these groupings will be iiicreased it*- 
number and size, as long as there remains ^^y vapor i» 
excess of saturation. So soon, however, as tljat excess i^ 
discharged, the temperature will have fallen to tb.e saturatii^g 
pomt, or 212°. 

When it is desired to have the ^apo^ ^^lected in ^^ 
water, without ebullition, it is q^^Xj tiecesaary, ^ Piofesso* 
Brande observes, that the glass ^ perfectly cleatved, «^^ 
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all matter in suspension removed from the water.* This 
state of things affords a favorable opportimity for observing 
the vapor rising in the cloud or flame-like form through 
the water, even after the thehnometer indicates a tempera- 
ture fer above 212®. 

As it will be impossible to have the water absolutely free 
from motes or sedimentary foreign matter, when any such 

Fig. 22. 




appear in forming globules, and interrupting the tranquil 
state of the water, let the heat be reduced to what will 



* For this purpose the water mhUXe hot should be filtered seTentl times 
through a few folds of fine oambrio. This is preferable to cotton, the fine 
fibres of which pass Into the water. 
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merely keep the thermometer at 212^. The whole will 
then remain undisturbed, except at short intervals, when, 
by reason of some still unremoved and invisible motes 
coming into contact with the bottom of the vessel, group- 
ings and globules will then occasionally arise, and in their 
ascent so accumulate the vapor as to produce large aggre- 
gates on the surface, as shown at Fig. 22. One of these 
aggregates is there represented rising and enlarging, by 
accumulation, as it ascends to the surfiice, and suddenly 
forcing, through the hole in the cork, the volume of vapor 
which had been thus collected and suddenly discharged. 

We have here the direct cause of what is called humping 
and explosions. 

The effect of these intermittent results is so connected 
with the ordinary process of ebullition that it will be 
interesting to give the following extract from ^^Faraday's 
Chemical Manipulations^^^ descriptive of these results, al- 
though it leaves unexplained their true cause. 

" The evolution of vapor is in many cases very much 
fedlitated by the addition of substances having apparently 
no chemical action; and the process of distillation is not 
only thus facilitated, but rendered possible and easy in 
cases where otherwise it would be almost unattainable. 
If diluted alcohol, spirits of wine, or certain alcoholic 
solutions be distilled in glass vessels, the vapor is fre- 
quently evolved with difficulty ; the contents of the retort 
at one moment not boiling at ally and at another bursting 
throughout into a mass of vapor and fluid, which fills the 
whole body of the vessel. This endangers the sudden ex* 
pulsion of part of the substance, causing serious derange- 
ment of the process, and is also accompanied with such 
agitation of the fluid — such bumping and shaking of the 
retort — ^as at times actually to endanger the safety of the 
8 



114 ON EBULLITION. 

whole; for when the vapor is formed^ it is with such force 
as to produce a dull ejcplostoui This is prevented hy the 
introduction of a few angular or fragmented pieces of solid 
matter into the retort, bf such nature as not to be acted 
upon by any of the substances present. For this purpose, 
metallic svbstances are best; a piece of platina foil cut by 
scissors into narrow slips, so as to resemble a fringe, ot 
seven or eight inches of silver, platina, or copper wire, 
pressed up loosely, or platina and silver filings, are then 
very useful; so, also, is a fragment of cork or a piece of 
torn cartridge paper, any of which will generally cause the 
regular and tranquil evolution of vapor, and occasion the 
distillation to proceed quietly and satisfiwtorily. 

It will here be seen that the heat is assumed to be ab- 
sorbed by the liquid^ as evidenced by the supposed "burst- 
ing throughout into a mass of vapor and fluid." So, again, 
when it is said, " when the vapor is formed^ it is with such 
force as to produce a dull explosion." It is only necessary 
to say that, there is no such thing in nature as this sudden 
formation of vapor in a mass; besides, the gradual for- 
mation of vapor, and its accumulation in the water fiilly 
explains and satisfies these apparent anomalies. Again — 
"The student should be cautioned against the sudden 
introduction of these promoters of vaporization, whilst the 
fluids are hot. If upon the occurence of bumping during 
a distillation of alcohol, sulphuric acid, or any other fluid, 
in glass vessels, a piece of any of the substances mentioned 
were suddenly introduced by the tubulature, it is probable 
that the consequent burst of vapor would be so instanta- 

j neous and strong as to do more harm than the bumping 

itself. 

I "The safer method is to remove the source of heat for 

a moment ; then, opening the tubulature to introduce a 
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platina wire, letting it touch only the surface of the fluid at 
flrsty and introducing more of it as the ebullition oocar 
sioned by it ceases ; when that is over, the wire should be 
withdrawn, the cork, the platina, or whatever, according 

• to the nature of the fluid within, has been selected, be in- 
troduced, the stopper closed, heat applied, and the distilla- 
tion proceeded with/' 

It may here be observed that the cause and effect thus 
described by Professor Faraday arise solely from the pres- 

• ence of vapor in ewcess of saturation, and its sudden group- 
ing and discharge by the introduction of foreign matter, as 
already described. 

The idea, then, of the contents of a vessel bursting 
thrai^hout into a mass of vapor is simply a mistake. The 
vapor must have been previously formed and present iii 
the vessel, before it could thus suddenly produce these 
dangerous aggregates. 

The very caution here enjoined, on introducing the pla- 
tinum wire to " let it touch only the surface of the fluid at 
first,*' shows that the groupings and presence of the vapor 
had not been anticipated. The touching the surface has 
merely the effect of enabling the vapor then in excess to 
escape gradually. Had the platinum wire been dropped in 
and allowed to fall to the bottom, a greater and more 
rapid discharge would have been the result. All this is 
folly illustrated at page 112, Fig. 22, and the case described 
by the Professor may be as well, and correctly exemplified 
in water, as if the liquid had been any of those he alludes 
to. As the rise in the thermometer above 212° indicates 
the presence of vapor in excess of saturation, this may be 
physically demonstrated by the discharge of such excess 
either gradually or suddenly. The former mode has been 
already explained, the latter may be effected by removing 
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the cork, and rapidly plunging to the bottom a piece of 
wood, brick, or other large and rough body; the excess of 

vapor will be disdiarged 
^•^^' with considerable vio- 

Ifuce, as shown at Fig. 23. 
If the brick be attached 
to a thread it may be 
drawn out, and the pro- 
cess be repeated ad libitum. 
The wood, brick, or other 
body should be free from 
loose matter, otherwise 
some particles may be left 
behind in the vessel, and 
defeat the successful con- 
tinuance of the experi- 
ment. In this case let the 
water be refiltered — ^it is 
but a two minutes' opera- 
tion — and the process 
may be repeated. 

It is remarkable how 
much consideration is 
given to the description 
of matter which is sup- 
posed to produce these 
sudden eflfects, viz., me- 
tallic filings, platinum in 
strips, etc., while no in- 
quiry is made as to their 
cause. Now, any body that 
will fall to the bottom, or 
that can be held there, will 
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answer equally well Pieces of coal, brick, iron, or wood 
will equally serve as nuclei for the groupings of the vapor. 

As paints are peculiarly favorable, a large goose-quill 
feather, from the numerous points it presents, answers the 
purpose well. 

By these experiments we ascertain : 

1st. The existence of the vapor in the water. 

2d. That the excess of such vapor beyond the saturat- 
ing point may be discharged gradually or suddenly. 

3d. That ebullition is the mere result (mechanical or 
electric) of the tendency of the vapor to rush into contact 
with any foreign matter that may be present and furnish- 
ing points or nulcei for aggregation. 

It may here be observed, that instead of a piece of wood 
or other heat conductor, if we introduce a glass rod, 
no such groupings or discharge of vapor will take place. 
Whether this is caused by the glass being a non-conductor 
of electricity, or by the mere absence .of points or rough- 
ness, must be determined by future investigators. * 

On this tendency to rush to foreign matter. Professor 
Brande observes: "In a glass flask the boiling point is 
'proportionally high, and irregular, but upon throwing in a 
few metallic filings and insoluble materials, the generatioa 
of steam is facilitated, and the boiling point falls to its 
standard.'^ Here again the mere aggregation of the steam 
already existing^ is mistaken for its generation. On what 
principle, it may be asked, could the introduction of coU 
metallic filings^ or other bodies cause the qeneration of 
steam. Besides, it seems the reverse of fact that facilitat- 
ing the generation of steam should have the effect, not of 
increasing, but of reducing the temperature although its 
escape would have that effect. Other bt fc may ^^xe ^^ 
given of the tendency of vapor, in excess^of satu^^^i^ii^ *^ 
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rush towards foreign matter. Small and scarcely visible 
motes will frequently \)e found floating through the mass of 
the water. These act the part of points, and become 
nuclei towards which the vapor will rush, so soon as the 
saturating quantity shall be present, hut not a moment 
sooner. These floating objects will then cause the appear- 
ance of a continuous stream of aggregates or small globules, 
as seen at a, Fig. 24. So, also, when any motes adhere to 

Fig. 24. 




the bottom or sides of the vessel, as at 6 and c. These, 
however, may generally be removed by the end of a 
wooden rod or wire, and the effect will cease. 

Looking down on these groupings, on the bottom of the 



OK EBULUTIOK 



119 




Tessel, and supposing they were visible, their formation 

may be thus described; 

see Fig. 25. The centre ^S' ^^' 

here represents on an en- 

lai^ed scale, the mote or 

object T^ich acts as the 

nucleus; the dotted radii 

representing the vapor 

atoms rushing towards it. 

In section they may be 

represented as in Fig. 26. 

That these illuminated 
cones or aggregates are 
in no way connected with 
the vapor formed at their respective bases may thus be 
proved. If a rod be introduced into well-filtered water, 
and made to touch the bottom, the congregating of the 
atoms will follow it, wherever it may be placed. By mov- 
ing it across or round the bottom several interesting and 
convincing proofs will be aflForded in illustration of this 
tendency to group, thus making the source of ebullition 
to pass at will to or from any part of the vessel. Now, as 
we cannot associate the generation of vapor with' the mere 
spot oA which the rod may rest, while the remainder of 
the bottom appears insensible to the influence of heat from 
beneath, we have no alternative but the conclusion that 
the rod or other body introduced has merely acted the 
part of a nucleus of attraction fot the vapor generated 
over the entire bottom surface of the vessel 

It is thus shown that ebullition is merely accidental, and 
has no reference to the generation nf the ^^P^^' and t\iat 
it is solely the result of the as^ritiotis oi i^?^^^^ ^^ 
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Fig. 26. 



atoms, previously formed, and irrespective of the heat 
transmitted and absorbed in any particular locality. 

This will be further shown if we attach fixedly to. the 

bottom of a glass vessel 
any number of small 
bodies which will answer 
the purpose of perma- 
nent nuclei. For ex- 
ample, describe on the 
bottom of the vessel any 
figure, as a circle or cross, 
with thick oil paint, on 
which some pounded 
brick, or coarse sand, or 
bird-seed may be drop- 
ped. On the paint be- 
coming dry these bodies 
will remain permanently 
fixed on it. Heat being 
then applied, and the 
temperature raised to 
212°, the process of ac- 
cumulation of the vapor 
will appear confined to such figures, the remaining por- 
tion of the bottom surface being apparently ineflfective in 
the production of vapor or its globules. Figs. 27 and 28 
represent such cross and circle, the dotted lines in Fig. 27 
indicating the direction of the rushing vapor into contact 
with such nuclei. 

From these illustrations we learn how liable we are to 
be led astray and form incorrect inferences when experi- 
ments are made in metallic or opaque vessels, or without 
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due attention to the minute details which a closer exami- 
nation would have discovered. 

It is here worthy of remark, that these movements, as 
regards the physical or elec- 
trical characteristics of ebulli- 
tion, have hitherto been very 
inadequately examined or re- 
corded. Among the most re- 
markable of these (and which 
is always visible when glass 
vessels are used), is that, what- . 
ever may be the violence or 
extent of surfece ebullition or 
bubbling, the whole will pro- 
ceed exclusively from a very 
few, often but one or two 
points on the bottom of the 
vessel, and where the group- 
ings are formed. We know 
that when heat is applied to 
the bottom of a vessel it acts 
against the entire of the out- 
side surface, and that the 

liquid atoms are in contact with everv nart nf *\.^ • -^ 
surfece. Nevertheless,we see that S;rmaut^;n^: 

coi^ned exclusively to the spots where motes or forei^ 

matter are presented to them. loreigu 

In further illustration of thp «,«i«l fnv». .. i- .u 
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heat of an Argand burner beneath, and let the tempera* 
tare be gently raised to the boiling point. As soon as the 
groupings begin to be formed they will have the effect of 
forcing up the brick or coal with the appearance of minia- 
ture explosions, as shown in Fig. 29.* 

Having described the process of ebullition with reference 

to those appearances which 
are too palpable to be mis- 
taken, although hitherto 
either unnoticed or attributed 
to causes whidi will not bear 
the test of examination, it 
^^ may be well to give some few 
illustrations from high autho- 
rities of the prevailing theo- 
ries, fcr the purpose of com- 
parison. 

Theory op Professor Mil- 
LER.t " The process of ebulli- 
tion may be beautifully shown 
in a common flask, heated 
from below. At first, bubbles 
are formed at the bottom of 
the vessel; these bubbles are 
condensed and disappear with 
a peculiar vibratory sound be- 
fore they reach the surface." 




^r^^^^r^^^^^ 







*The ooal or brick should be broken about the size of unground pepper, 
the fine dust particles being sifted out, and the whole well washed in boil- 
ing water. Care must be taken not to confound the ascent of particles of 
the ooal which at first will be carried up by minute globules of air, which 
attach themselves to them and ascend with the vapor. 

t ** Elements of Chemistry,»» by W. A. Miller, M.D., F3.S., P.C.8., Professor 
of Chemistry, King's College, London. 
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The vibratory sound is here assumed to take place in 
their passage upwards to the sur&ce. This is imquestion- 
ably an oversight, as aheady explained. 

^'At length the temperature of the whole mass, if fluid 
becomes uniform." It has already been shown that the 
uniformity of temperature, imtil ebullition has commenced, 
is owing to the diffusion of the vapor, and that it takes 
place not, as above, at length^^^ but within the first minute 
after the heat has been applied, and continues with unmia-. 
takable uniformity up to the temperature of saturation. 
It is passing strange that this imiformity of temperature 
should so perseveringly be attributed to some occult cause 
while the movement in the water, as shown at Fig. 3, so 
demonstratively illustrates that process of mix^Tf^g Mid difl. 
fusion, which produces uniformity throughout. 

Again — ^'^ The bubbles of steam, as they forift? ^®^ ^ ^'^ 
surfiwje and break, emitting a peculiar trarxsparet^* invisible 
vapor, designated as steam, when its tenxp^ratvtf^^^^ ^^^^^ 
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sufficiently reduced by the external air to bring it bock to 
the liquid form in exceedingly minute globules/' 

It is here erroneously assumed that the whole of this 
emitted vapor becomes cooled by the external air, and re- 
duced to the liquid form. The visibiHty of the white cloud 
of globules in the air, however, is the result of portions 
only of the vapor atoms being cooled down to the liquid 
state, and which, as in the case of soap bubbles, form a 
liquid film or envelope, enclosing the pure vapor. This 
will be further illustrated hereafter. 

Further — '^Adhesion of the fluid to the surface of the 
vessel that contains it has a marked effect in raising the 
boiling point, in consequence of which water sometimes 
boils at 214°, if a pinch of metallic filings be dropped in/' 

This adhesion to the sides has been already disproved, as 
having no influence whatever in raising the boiling point 
So the metallic filings have been shown to have no direct 
effect, and merely afford negative nuclei for the aggrega- 
tion of the vapor atoms and their consequent discharge. 

" By long boiling of the water, the air becomes nearly 
expelled ; in such case, the temperature has been observed 
to rise even as high as 360° Fahr. in an open vessel, which 
was then shattered with a loud report by a sudden explosive 
burst of vapor." 

(There seems likely to be here some error, either as to 
the high indicated temperature, or the vessel being an 
open one.) 

No attempt is here made to explain the cause of this 
extraordinary and sudden burst of vapor, or how it could 
have been produced where no additional heat was sup- 
plied, and where nothing was supposed to have previously 
existed but water. 

To reconcile this anomaly of mere water, in its liquid 
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form, and in an open Tessel, producing a sadden explosive 
effect, the following ingenious but altc^ether unsatis&ctory 
theory is givdh, viz,: 

^^ In this case the force of cohesion retains the particles 
of the liquid throughout the mass in contact with each other 
in a species of totterifig equilibrium^ and when this equili- 
brium is overturned at any one point, the repulsive power 
of the excess of heat stored up in the mass suddenly exerts 
itself, and the explosion is the result of the instantaneous 
dispersion of the Uquid" 

It would be of no practical value to analyze the many 
points in this ingenious, but altogether supposititious case. 
It may, however, be remarked, that we have here a sudden 
and even powerful effect produced without any sufficient or 
apparent cause. Besides, when it is said that the " repulsive 
power stored up in the mass, suddenly exerts itself,'* it may 
be asked where was this store of heat, and with what was 
it combined? By what marvellous agency was it available 
for this sudden effect so wholly irreconcilable with all the 
known laws of heat? We have here also the anomaly of 
considering the heat as being stored by itself, and unasso- 
ciated with matter of any kind, until, by its own force^ it 
produced an instantaneous dispersion of the liquid. 

The Professor thus continues: — ^^ The gradual absorption 
of heat in the passage from the liquid to the gaseous state'* 
(manifestly considering the liquid as a body, apart from its 
elementary particles), " is not less essential than the corres- 
spending absorption in the passage from the solid to the 
liquid condition. A^ere it otherwise, every attempt to boil 
a saucepan or a flask of water, or other Uquid, ^ould be 
attended with explosions, from the sudden forma*^^^ the 
moment the boiling point was attained.^^ 

Now this ^^ gradual absorption of heaV* would ix^ply ^xx 
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equally gradual change in the character of the atoms absorb- 
ing it, and thus n^ative any sudden formation of vapor. 
Here, also, it is assumed that the absorption 6f heat by the 
water continues until the boiling point is reached, thus 
altogether ignoring the consecutive formation and escape of 
the vapor from the moment the heat is applied, and which 
effectually prevents the possibility of any storing it up. 
Altogether, this theory appears irreconcilable with what we 
see in the ordinary experiment of boiling water. 

We will now examine the theory of another unquestion- 
ably high authority. 

Theory of Professor Rankine. — "When the commu- 
nication of heat to a liquid mass, and the removal of the 
vapor, are carried on continuously, so that the pressure 
throughout the mass of liquid is not greater than that of 
saturation for its temperature, evaporation takes place, not 
merely from the ea^osed surface of the liquid, but also 
from its interior; it gives out bubbles of vapor and is 
said to hoiiy 

As, however, evaporation, meaning the escape of vapor, 
can alone take place from the exposed surface^ it is manifestly 
an error to say it can take place from its interior. Again, 

"A resistance to ebullition is also offered by a vessel 
of a material which attracts the liquid^ as when boiled 
in a glass vessel, and the boiling takes place by starts.^^ 

It is somewhat fetiguing to have to repeat the refritation 
of this supposed relation of the adhesion of the liquid to the 
vessel.' Attention to the process of boiling in a glass vessel 
will satisfy us that ebullition has its origin solely at the 
bottom^ or where foreign matter may happen to be, and has 
no reference to the feeble attraction which liquids possess 
to the vessel employed, of whatever description it may be. 

Another justly esteemed authority seems to have fidlen 
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into the same path of eitor, as to the temperature of 
water apart from that of the vapor it contains. 

Theory of Professor Gmelin. — Of the boiling point 
Gmelin observes: — "Since elasticity increases with the 
temperature, there exists for each body a certain tem- 
perature at which the elasticity of its vapor is a balance 
for the pressure of the atmosphere, and consequently can- 
not be restrained by that pressure. This temperature is 
the boiling point of the body. At this point it passes 
into vapor, in spite of the atmospheric pressure, as 
soon as the additional heat required to volatilize it is 
supplied," 

It is not clear in what the temperature or elasticity here 
exists, as we are told it is only when the water has reached 
the boiling point that " it passes into vapor *^ Throughout, 
also, the water and the vapor are spoken of as if they 
were distinct bodies, no reference whatever being made 
to the constituent particles of either. 

Now, instead of the "temperature," or the "boiling 
point," let us put the words quantity of vapor, and 
the whole becomes intelligible. It is an error then to 
speak of a body of a liquid at the boiling point ''passing 
into vapor J* The body or mass never can assume such 
a form. Gaseous or vaporous formation must be progress 
sive, and is limited to the quantity or number of liquid 
atoms receiving their equivalents of heat and their con- 
version into vapor. 

The last authority here to be quoted is the more im- 
portant, as it brings before us the views of several Conti- 
nental celebrities repeatedly referred to by our own 
chemical writers, but all alike illustrative of the unsettled 
state of the question. 
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Theobt op Professor Dixon .• — ^Under the head of 
" the influence of foreign bodies in solution or in contact, 
on the temperature of ebullition/' Professor Dixon ob- 
serves: — ^''This subject has been examined with particular 
care by M". Magnus and M, Donny, and we propose to lay 
before the student the views of those writers on the pr(h 
cess of ebullition. M. Magnus remarked, what had been 
observed by previous physicists, that water which had been 
well boiled does not generally ^^a^^ into the form of a steam 
in glass vessels untU it has acquired a temperature con- 
siderably above that due to the force of its vapor ^ and that 
the formation of steam then takes place suddenly and with 
great violence. From this it follows that the force requisite 
for the disengagement of the steam is greater than its ex- 
pansive force subsequently, and the difference of these 
forces M. Magnus refers to the attraction of cohesion 
existing between the particles of the liquid^ which requires 
to be overcome at the moment of formation of the steam, 
in addition to those pressures which the vapor itself sub- 
sequently sustains." 

To this it may be objected, 1st, that there is no expan- 
sion of water apart from the vapor it contains; 2ndly, that 
water does not pass ^^ suddenly and with great violence^ 
into the form of steam, but in the most progressive man- 
ner, pari passu^ with the application of heat, and in the 
ratio of the surface exposed to its influence; 3rdly, that 
the ^^ attraction of cohesion,^* either between the particles 
of the liquid or to the glass vessel, has no reference what- 
ever to the formation of steam. 

"We can understand," observes Professor Dixon, "how 

* "Treatise on Heat,*' by tie Rev. Robert V. Dizon, Fellow and Tutor, 
Trinity College, Dnblin ; and Erasmns Smitli. Professor of Natural and 
Experimental Philosophy. 
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the presence of bodies held suspended in a liquid, or the 
sides of the containing vessel, if these have a less attrac- 
tion for the particles of the fluid than the latter have for 
one another, will lower the boiling point" On the con«* 
trary, it is difficult, if not impossible, to understand how 
the very feeble attraction of the particles of a fluid either 
to each other ^ or to the sustaining vessel, can have any, even 
the remotest, connection with lowering the temperature. 

"Accordingly," he adds, " saw-dust, or insoluble powders, 
diffused through the fluid mass and the sides of a metallic 
vessel, which, as is well known, are never completely 
moistened at all points by water, lower the temperature of 
ebullition to that of the vapor." 

This last remark of lowering the temperature of ebullition 
(whatever that may mean) only shows how our ideas 
become mystified when we leave the region of physical 
demonstration. Again, 

" But if the water is boiled in a glass vessel, especially 
if the sides of the latter are perfectly cleaned by heating 
sulphuric acid in it up to 150^ C, and then rinsing it with 
distilled water, by which contact is rendered more perfect, 
and the cohesive force of the glass on the particles of 
water, stronger, the boiling point wiU rise to 105^ or 106^ 
(centigrade scale). Now, as M. Magnus remarks, the 
action of the sides of the vessel, and of solid bodies in 
general, may diminish but cannot raise the temperature ci 
ebullition." 

Here is a contradiction which only the more shows how 
little of certainty even the highest authorities have ob- 
tained, for, he adds, "if the force of attraction of such 
bodies for the fluid molecules were stronger than that of 
the latter for one another, the only effect would be that 
the ebullition would comsnence at the centre of the Uqmd^ 
9 
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and not at the sides. Accordingly, no liquid can Assume 
a higher tempejrature than that at which the expansive 
force of the vapor suffices to overcome the pressure and 
cohesion of the liquid.*' There is here much ingenuity 
and labor uselessly bestowed in the vain effort to prove 
an influence which assuredly does not exist. 

Theory of M. Donnt. — The Professor then adds: — 
M. Donny, however, has been led by his investigations into 
the force of cohesion of liquids to conclude that the boiling 
point of water, as defined above, that is, the temperature 
at which water, perfectly free from all foreign bodies, would 
pass into a state of vapor throughout the masSj is consider- 
ably higher than even the highest Hmit assigned by M. 
Magnus." 

It is only necessary to repeat that no such high tempera- 
tifre of the water ^ apart from the combined vapor, can exist, 
and that there is no such thing, as already observed, as a 
body of water passing into the state of vapor in the mass. 

With equal truth, indeed, might he have spoken of the 
temperature of a block of ice on passing into the state of 
Kquid in the mass. 

M. Donny is then represented as concluding that " the 
mutual force of cohesion of the particles of water is equal 
to a pressure of about three atmospheres, and in this strong 
cohesive force finds an explanation of the phenomenon called 
soubresautyOT jumping motion, sometimes observed when in 
the state of ebullition, as well as, probably, of those fetal 
explosions which occur so frequently in steam boilers, and 
whose origin continues to perplex engineers and physicists.*' 
(This jumping has already been referred to and explained.) 

Here, strange and contradictory as it may appear, this 
strong cohesive force is described as being the direct cause of 
the repulsive force, and even of the explosions in boilers. 
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M, I)onny continues: — " By the effect of boiling, liquids 
lose the greater part of the air which they held in solution, 
consequently, the molecular attraction commences to mani- 
fest itself in a sensible manner, and permits the Hquid to 
attain a temperature considerably above its normal boiling 
point; this elevation of temperature determines the ap- 
pearance of new hMles of air^ the liquid then separates 
abruptly with a sonbresaut, (* unexpected and irregular 
motion, a kind of start,') a large quantity of vapor forms, ^ 
and consequently a reduction of temperature ensues, which 
restores a momentary calm to the liquid. Presently, the 
same causes reproduce the same effects, and the phe- 
nomenon is renewed with increased violence." 

Now, this sovbresautf instead of being the result of the 
separation of vapor, is, in fact, that of the reverse — ^namely, 
of its aggregation. The contradictions and mystifications 
which characterize the development of this new theory, 
only expose the labyrinth into which we fall when we 
stray from the straightforward road which experiment 
points out and illustrates. 

The concluding paragraph is here worthy of a quo- 
tation, from its originality and its entire deviation from 
the processes of nature. 

"From these facts (observes Professor Dixon), proving the 
strong cohesive attraction of liquid particles joined to the 
well known tendency of all fluids to assume the vaporous 
state at all temperatures, M, Donny concludes that the 
superficial stratum of liquids possesses a peculiar property in 
this respect, and has hence .been led to form the following 
theory of ebullition^ viz. : — The elevation of temperature of 
a liquid [but which does not exist] produces the formation 
of smdll bubbles of air in the hottest portions of i*s wiass, and, 
consequently, on the side of the containing ^^^^ T^eaxert the 
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source of heat ; each of these bubbles [of air] presents to 
the liquid molecules which surround it a surface which 
facilitates the raporization of these molecules ; and when the 
tension of the vapor becomes suffident to counterbalance 
the pressure to which these bubbles are exposed, there is 
no further resistance to the development of the vapor, 
which then forms currents that traverse the liquid, and pro- 
duce the phenomena of ebullition. I think, then (contmues 
M. Donny), we are justified«n concluding that ebullition is 
nothing but a kind of rapid evaporation, which takes 
place at these internal surfaces of a liquid that bound the 
bubbles of aeriform fluid which are formed through its 
mass. 

In this ingenious theory, air and its bubbles form an 
important feature in the phenomena of ebullition. Each 
«f these bubbles (not the atoms) is supposed to be sur- 
rounded by a film of liquid molecules^ and to facilitate 
their evaporation. Were this true, ebullition could no 
longer be practicable after the water had been deprived oi 
its air. The whole theory, in fact, is merely imaginative. 

Professor Dixon then adds: — "We will conclude these 
remarks on the phenomenon of ebullition with the obser- 
vation of M. Magnus, that there does not exist an older 
physical experiment, nor one more frequently repeated 
than that of boiling water; but, nevertheless, what occurs 
was not sufficiently known, and even now much remains 
unexplained.'' 

In this opinion both these professors may be assured of 
a general assent. It is, indeed, remarkable how much has 
been written and what ingenuity has been displayed in 
endeavoring to account for the ordinary phenomena of 
ebullition, and even how this theory of the cohesive force 
existing among Hquid particles has led so many astray. 
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The practical value of these ingenious devices might be 
well tested by the application of Dalton's sound maxim, 
namely, that '^no conception can be clearly grasped by the 
intellect if it could not be visibly depicted or embodied to 
the external sense." A sounder or more practical guide 
for future theorists could not be given. 

Let us now consider what may be the purpose and 
utility of the ebullition process, assured, as we must be, that 
there is some wise object and provision of nature to be 
effected by it. It has already been stated that ebullition 
does not appear to have any direct influence in promoting 
vaporization; what then, it may be asked, is its practical 
effect or value in nature's economy? Two important 
purposes, at least, may be inferred. 1st. The preventing 
a useless, if not dangerous accumulation of vapor in 
liquids of all kinds, under the influence of accumulated 
heat; and 2ndly. The producing that all-important move- 
ment, circulation — the element of equal distribution of 
the heat and vapor in all directions throughout the mass. 

Of the firsty as vapor cannot escape from a fluid except 
at its surfdce (which will, be further explained when we 
speak of evaporation), there would necessarily be an ever- 
prevailing tendency to its accumulation in the water, were 
there no other means of effecting its dischaige than would 
be due to the area of that surface, under the mere opera- 
tion of diffusion. 

Now this object is directly effected by the rapid collection 
of the vapor atoms in the groupings which are seen in 
ebullition. Immediately as each group is formed, and by 
reason of its bulk and levity, it rises to the surface in the 
shape of a globule, and with an accelerated force escaping 
into the air, the body of the liquid being thus relieved 
from its presence 
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Of the second purpose: When these groups and globules 
are produced, they rise with a force and physical momen- 
tum due to their enlarged volume and levity. These ag- 
gregates of the gaseous element of vapor may, in then: 
efifect upon circulation, be compared to that of a balloon, 
mechanically forced upwards, by the pressure from beneath, 
of the heavier particles of the air. We know that the 
gas with which the balloon is filled would, if liberated, be 
discharged into the air, each atom ascending with a force 
due aldne to its own specific gravity, but which would 
necessarily be slow and comparatively ineffective. When, 
however, the myriads of atoms of gas are brought together, 
and confined within the balloon envelope, the levity of 
the whole gives it an ascensional force and rapidity which 
carries it to the higher regions of the atmosphere. 

In the same way, then, each group or globule of vapor, 
formed at the bottom of a body of water, is productive of 
precisely similar results. The secondary and equally im- 
portant result is that by which circulation is directly 
affected. As the balloon ascends, and on each step of its 
progress upwards, it would leave a vacuum below it (as a 
ship moving through the water would behind it), were it 
not that the space is at once filled with the succeeding 
portions of the air (or water), and a mechanical action is 
thus produced. 

Circulation then is the result of the ^a^-induced cur- 
rent, consequent on the movement of a body through air 
or water, and in proportion to the rapidity of that motion. 

In this inquiry we are but investigating, by the aid of 
experiment and inductive reasoning, the truth and appli- 
cation of those laws which determine the progress and 
influence of heat on matter and its motions, assured that 
in nature every thing is perfect in itself, and all, apta inter 
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se. The infeiences here drawn do not rest on any base- 
less hypothesis, but on a clear view of the constant and 
unerring laws of nature as fitr as they are presented to our 
view, or within the range of our reasoning power. 

Looking, then, at this branch of the subject in a general 
point of yiew, the cardinal &cts appear to be — 

Ist That ebulUtion, or the formation of bubbles, is 
nothing but the sudden aggregation or grouping of 
myriads of atoms of vapor already firnned and existing in 
the liquid tnass, and rushing into contact with some motes 
or points of foreign matter, accidentally or intentionally 
presented to them. 

2nd. That these aggregates are composed exclusively 
of such vapor atoms as are in excess of the saturating 
quantity. 

3rd. That the quantity of vapor required for saturation 
of any liquid has a fixed relation on the one hand to its 
density, and on the other, to the repellent action which its 
constituent atoms individually exercise, whether the liquid 
medium be water, ether, alcohol, oil, or mercury. 

.4th. That ebullition has no relation to the quantity or 
number of liquid atoms converted into vapor atoms, from 
any given sur&ce, but to the number of such atoms that 
may have been enabled to form such groupings or ag- 
gregates. 

5th. That without those groupings or aggregates, the 
vapor atoms, as they are successively formed, would indi- 
vidually rise, though invisible (by virtue of their sepai^te 
enlarged volumes and ditni^ished specific gravity), to tlxe 
surfece, and from {^at sn^^^® ^^^ the^r. 
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Atoms of vapor cannot be distinguished either mot out 
of water by reason of their minuteness. We have, how- 
fever, sufficient grounds for being convinced of their pres- 
ence in both cases. So long as they remain apart from 
each other, with their several diverging properties, they 
must remain invisible. So soon, however, as they congre- 
gate and form globules, they then come within reach of 
our senses. This congregating may take place both in the 
body of water, and out of it. When in the water, they 
form visible globules, which, by reason of their greater 
levity, rise to the sur£eu^, there burst, and pass into the air 
above it. 

When out of the water, in a similar way, and when 
they come into contact with, and are surrounded by a film 
of liquid particles, these, forming a visible envelope, pro- 
duce what is called vesicular vapor, and become the mattei^ 
of a cloud. Our business here is with the state of vapor 
in the former case. 

None of the writers on the subject of elastic fluids 
recognize the existence of vapor in water in its separate 
and independent character. It seems strange, however, 
that the mere appearance of the great quantity which 
rises out of a body of so-called hot or boiling water, when 
poured out, should not have suggested the idea that it 
must, previously to its escape, have existed in the water. 
The more so, when it is considered that without such sep- 
arate and independent existence its volume could not have 

136 
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been enlarged, diffosion or divergence wonld have been 
arrested, pressure nullified, and elasticity itself have 
ceased to exist. 

In such a state of things how could these propertibs have 
been re-established t Are we to suppose that they had 
been temporarily suspended in each atom of vapor from the 
moment of its generation until its escape ; or that, instead 
of being so generated at the bottom of the vessel, and near 
the source of heat, it was in &ct, only formed at the surface 
and in contact with the colder atmosphere f Such results 
would be anomalies alike irreconcilable with &ct and the 
evidence of our senses. 

But, it may be asked, why the vapor, by reason of its 
greater levity (if it exist in the water), does not at once rise 
to the sur&ce and escape into tbe air, which is so much more 
rarefied a medium 1 With equal reason might it be asked 
why the vapor, which exists in the atmosphere near the 
eartKs surface^ does not rise at once to the upper and 
more rarefied regions^ and leave the lower without any? 
The cause and the reason are the same in both cases, and 
are to be found in the nature of vapor as an elastic fluid 
filling the entire space. 

The air is but a medium, so is the water (as r^ards 
density and pressure), in reference either to the upper or 
lower regions of the atmosphere, or the still lower medium 
of the water. The whole is then but a question of degree, 
the vapor atoms being always in a state of mutual repulsion, 
irrespective of the medium in which they may be placed. 
It is this diffusive action which prevents any permanent 
irregularity, as to quantity, in any one portion, whether the 
medium be the atmosphere, or a fluid of any kind. This, 
practically, is the most important feature of Dalton's great 
discovery of diffusion^ whether in reference to meteorology 
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or physics; to temperature in the atmosphere or in the 
water, to the properties peculiar to the liquid or the 
vaporous states. 

^^Homogeneous elastic fluids," says Dalton, "are con- 
stituted of particles that repel one another with a force de- 
creasing as the distances of the centres of the particles." 
This law of repulsion and relative distances being general, 
care must be equally applicable to vapor or steam^ as to any 
other elastic fluids. His precise statements put this 
beyond all doubt. They are to the following effect : 

Ist. That vaporized bodies cannot, on any scientific prin- 
ciple, be classed in a distinct category from permanently 
elastic fluids. 

2nd. That when two or more gases or vapors are put 
together, either into a limited or unlimited space, they will 
finally be arranged each as if it occupied the whole space, 
and the others were not present. 

3rd. That they retain their elasticity or repulsive power 
amongst their own particles^ just the same in the water as out 
ofit^ the intervening spaces having no other influence, in 
this respect, than a mere vacuum. 

If then, in reference to varying degrees of indicated 
temperature, the quantity of vapor generated in^ or injected 
into a body of water, be great or small, the repulsive power 
among its particles will cause them so to diffuse themselves, 
that no part of the liquid mass shall be without its due 
proportion. 

Professor Silliman,* under the head " Diffusion of Gases," 
observes : — '^Liquids mixed together, gradually separate, and 
lie superimposed in the order of their densities^ the sur&ces 
of their separation being horizontal. When, however, gases 

* <* First Prinoiples of PhjaicB and Natural FhUosophj," hj ProfesBor 
Smiman, of Tale College, New Hayen. 
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[and so of the vapors] are mixed, they present other con- 
ditions of equilibrium, as follows: — ^A homogeneous or 
persistent mixture is formed rapidly, so that all parts of the 
same volume are composed of the same proportions of the 
mixed gases. Berthollet demonstrates this law of Dalton. 
This interpenetration or movement of gases, he called 
diffusion. This he reduces to the following law, namely: — 
"In a mixture of gases, the pressure, or elastic force, 
exercised by each of the gases is the same as if it was alone." 

The question then is, whether this law does not hold, 
and is not equally applicable to the elastic fluid vapor. 

But he brings the analogy closer by considering them as 
mixed with water. " When a gas comes into contact with a 
Uquid^ the gas is absorbed in a quantity varying with the 
pressure to which it is subjected. Thus the constituents 
of the atmosphere are always found in the water with which 
it is in contact. This he illustrates by experiments which, 
as he observes, demonstrate that the mixture of gases 
with liquids is in accordance with the following law, viz: 
" For the same gas, the same liquid, and the same tem- 
perature, the weight of gas absorbed is proportional to 
the pressure — ^that is, that at all pressures, the volume 
dissolved [mixed with it] is the same." 

Now, pressure or the effect of diffusion being the same, 
what is the amount of that pressure in water, to which the 
vapor is subjected ] This can only be determined by refer- 
ence to the respective densities of the two media, the water 
and the air. (See ante. Vaporization.) Here then is to be 
found the true amount of effective pressure from without j 
to which every gas or vapor forced into, or formed in water 
must be subject. 

But we have a still clearer view when the Professor 
speaks of molecular repulsion, namely: — ^^*If a definite vol- 
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ume of air 18 admitted into a vacuum of twice that capac- 
ity, it does sot, like a solid or liquid body, retain its 
original volume^ but expands, and fills the whole empty space. 
Since an internal force is necessary to hold together Uie 
particles of gaseous bodies, there must be a force whidi 
acts repulsively among their particles; and the same offers 
a resistance when those particles are brought together 
by mechanical pressure. A similar resistance to compres- 
sion is displayed in liquid and solid bodies." 

Here we have the case of molecular repulsion shown to 
be equally referable to that of vapor, or other elastic fluid, 
namely, in the force which acts repulsively among their 
particles. 

On the elastic force of heat, he adds: *^ Since the accumu'- 
lation of heat causes the atoms of bodies to separate^ and 
its removal causes them to approach each other , it must be 
admitted that whatever may be the nature of heat, it acts 
as a repulsive forceJ' 

It has already been observed that this repulsive force can- 
not be explained on any other known principle than that of 
electricity. Bodies (and atoms of vapor are bodies) in the 
same electrical state, have a mutual repellent action, as wit- 
nessed in the divergence of the leaves of the electroscope. 
It is remarkable, then, that this repulsive force, which is 
the very element of elasticity, is altogether ignored by 
writers when alluding to vapor, in water ^ although all ad- 
mit it to be an elastic fluid, and endowed with the prop- 
erties peculiar to such. In illustration of the existence 
of vapor in water, the following experiments may be re- 
lied on as conclusive. 

Four pounds of water, at 60°, were put into a tightly- 
corked bottle, a thermometer being inserted in the cork, 
as at Fig. 80. The bottle was then plunged in a tin bath 
of boiling water with a gas burner under it The tempera- 
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' ture being brought to 200^, the level was raised ftom A. to 
B. On being allowed to cool, without removing the cork, 
the level of the water returned to A as it had been at the 
commencement. In this case all the heat that had gone to 
the formation of the vapor was subsequently lost \yv rci^^" 
tion from the glass, no loss of weight having taten pla^^-* 

♦ It is here neoessarj to oantion experimenters not to conf^^^^ ttro V^^^ 
eesses which are eBsentiallj different in the so-called act of cooZifta iiM^®^^' 
that which is occasioned hj the mere loss or e«cape of htat^ ^nd the eBO»P* 
of wfw. In the first (as above), the heat waB loat solely \jy radiaH^' ^ 
the latter, it would be lost bj the actual esoap* ^' *^® ^••Por. whiolx would 
carry awaj both ktat and iwf^Ai. xhese poluis »»• ^^* »^^«^cUntly attended 
to In praotiee. 
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The next experiment will show a different lesult. In 
the same bottle the 4 lbs, of water were, as before, raised 
to the temperature of 200°. The cork was then removed, 
and the water poured into the flat pan* as already men- 
tioned. After a lapse of sixty minutes the temperature of 
the water in the pan had returned to its initial 60^ On 
being poured back into the bottle the level was reduced to 
C, the loss of weight being seven ounces, and in volume 
about twelve cubic inches. 

Here we have absolute proof of twelve cubic inches of 
water having been converted into vapor when at 200°, and 
of its subsequent escape into the air and as soon as it was 
allowed an adeqtiately exposed surface. 

As all authorities admit the existence of vapor in the 
air^ yet deny, or ignore, it when in the denser medium 
of the water y the prevailing theory would imply that it can 
exist in no other proportion than in the enlarged, expanded 
state, due to the mere pressure of the atmosphere. 

Doctor Reid says, "Boiling water produces steam barely 
sufficient to overcome the pressure of the air, and rise 
against it.* On the contrary, steam may be jaeen, and 
condensed, on its rising out of the water, not only at the 
boiling point, but at all temperatures, up to, as well as 
beyond, 212°. 

In fact, every atom of the liquid, on its being converted 
into one of steam, must have had sufficient buoyancy to 
overcome, not only the pressure of the (dr^ but that of the 
denser medium of the water^ or it could neither have risen 
in, nor out of it. 

The next experiment brings this question still nearer to 

* The pan was an iron one, two inohes deep» and with a surface of two 
Bqnare feet, and being mbbed with black lead, the water, when cooled, ran 
off, withont leading anj damp on the pan or losing anj of the water. 
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absolute proof. Four pounds of water, as before, having 
been raised to 200^ in the same corked bottle, and the 
same physical enlargement of the mass from A to B hav- 
ing taken place (and which will be found to be not far 
short of * th to ^th, according to Dr. Ure's statement) the 
bottle was then removed from the water, and being wrap- 
ped round in thick warmed flannel, to obstruct radiation, 
was allowed to remain in that state for one hour. The 
water was then poured out into the flat pan, and the vapor 
allowed to escape as before. On being poured back into 
the bottle, the deficiency was found to be five ounces, or 
about nine cubic inches, representing the weight and vol- 
ume of the vapor that had escaped. It would thus appear 
that the quantity of vapor was reduced, hy radiation dur- 
ing the hour that the water remained in the bottle, by 
about two ounces. 

The question then is, tvhere^ and in what state, were these 
Jive ounces of vapor during the hour when the whole was 
allowed to remain undisturbed? That they must have 
been in the condition of vapor, and in the water, in an in- 
dependent state, seems indisputable, unless on the absurd 
hypothesis that this vapor was only formed on coming into 
contact with the cold atmosphere to which it was exposed 
when poured out ; or that such cooling process, by some 
miraculous interposition, imparted not merely the enlarged 
volume, but the properties of mutual repulsion, pressure, 
force, and high temperature.* 

The next experiment will further illustrate the inde- 
pendent existence of the vapor in the water. Two pounds 



♦ In these experiments, where aocnraoy is desirable, It is better to oon- 
flne the temperature to 200°, or at least nol beyond 210° as where that is 
exceeded, and ebullition takes place there is oonalde'rable dilBoulty in 
knowing the exact moment when the heat should be withdrawn. 
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of water at 60^ were put into a glass vessel A with three 
tubulures, as in Fig. 31. Steam was raised in a separate 



Pig. 31. 




vessel B (under which a gas-burner was placed), and passed 
into it until the thermometer indicated 200®. The water 
was then let out by the tubulure C, by withdrawing the 
cork, and run into the flat pan. The vapor then rose in 
large volumes, and after about one hour, when it had re- 
turned to its initial temperature, the water was weighed, 
and the increase of weight was found to be five ounces. 

There is considerable difliculty in knowing the precise 
weight of vapor remaining in the water in these experi- 
ments, as there is a continued loss of heat by radiation 
during the entire process, consequently, the weight of 
water and vapor remaining must be greater in proportion 
to such loss of heat The best mode is to have the water 
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well filtered and distilled, and then raised to 200° or 212° 
without ebtdUHon or loss of its vapor. When this is done, 
the amount of evaporation from the water in the pan will 
be about 1| to 2 ounces per pound of water, according to 
the accuracy with which the experiment is performed. 

Thomson says : " Water is converted into vapor at all 
temperatures, even at 32° or lower. But the elasticity at 
low temperatures is low, and it increases, as the tempera- 
ture increases, till, at 212°, it is equal to that of the atmos- 
phere.*^ It would have been more correct to say that, as 
the elasticity must be in proportion to the quantity present, 
so must be the temperature. Indeed, he himself says: 
"Thus the quantity, and, consequently, the elasticity, is 
continually increasing with the temperature of the water;** 
rather with the quantity existing in that water, and by 
which the temperature is effected. 

Again he adds: "We see that elasticity increases at a 
very rapid rate with the temperature. Attempts have 
been made to represent this increase by empirical formulae, 
80 as to enable us to calculate the elasticity of the steam for 
any given temperature." To this he adds, with great truth : 
"But such formulae, from the imperfection of the data on 
which they are founded, cannot be accurate;" a remark 
which might have a more general application. 

Quantity (of vapor) then virtually becomes the cause and 
the measure both of volume and pressure. They are, in 
fact, correlative terms. This view of the subject, which is 
confirmed by all physical tests, takes it out of the hands 
of the mere mathematician, who has hitherto so overloaded 
the inquiry as to render it difficult for practical engiiaeers 
to arrive at practical truth or certainty in the in^estiga- 
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tion of nature's laws, as regards the relation which heat 
be^ to water or steam. 

Bat Thomson, though justly considered a high authority, 
appears to have fallen into the common mistake of con- 
necting the ffeneratian of vapor with the hoiUng paint. He 
observes: "Papin, an ingenious French physician, who re- 
sided in London, contrived a vessel to which he gave the 
name of digester. If this vessel be half-filled with water, 
and the lid screwed down tight, and if it be then set upon 
burning coals, a portion of the water is soon converted into 
steam. This conversion begins at the boiUng paint.^* Here 
is a manifest oversight as regards the generation, or con- 
version of liquid atoms into steam. And, we see further, 
how the one error leads to another, when he adds: ^^But 
the elastic vapor [which had so began to be formed at the 
boiling point] being confined, presses upon the surface of 
the water, and thus prevents the conversion of any more of 
it into steam, till the temperature of the toater rises above 
the boiling point. This heat being conveyed to the 
steam, it now becomes capable of bearing another portion 
of vapor without being condensed into water." 

There are here many errors. Instead of the elastic 
steam pressing downwards upon the surface of the water^ 
with equal correctness it may be said that the vapor, in the 
water, equally presses upwards^ against the steam above it. 
Thomson altogether overlooks the existence of vapor in the 
water, and is led into the singular idea that the heat is 
first received by the water, which is thus made hotter, and 
then renders the steam above the water capable of bear- 
ing another portion of vapor. He does not, however, say 
where that additional portion of vapor is to come from. 

As the apparent diflBlculty of conceiving the existence of 
vapor in water, in an independent elastic state, continues 



oar VAPOR IN WATER. 147 

to prevail, it will be necessary to examine the subject in 
another point of view. 

Dalton observes, '^Yapor exists at all times in the atmo- 
sphere, and is one and the same as steam or vapor at 212^ 
or upwards." This is an important fact, and goes &r to 
confirm the case of unity of heat, as already explained, see- 
ing how infinitely minute must be the equivalent of heat 
in each atom of vapor while in the atmosphere; and that 
212*^ is merely the result of a given quantity or number 
of such accumulated atoms then present in a given space. 

Practically, then, there would appear a greater difficulty 
in conceiving the existence of vapor in the atmosphere^ 
than in the water, seeing that air is a positive refrigerator 
and conductor of heat, whereas we have no reliable grounds 
for saying that a liquid is the former, and we know it is 
not the latter. 

Desaguliers (who appears to have been Watt's first in- 
structor), while controverting the hypothesis of his pre- 
decessors, who taught that there was a chemical union be- 
tween the air and the vapor, proposes his own, namely, 
that, "water is capable of being converted into an elastic 
fluid much lighter than air." On this Dr. Henry, the 
biographer of Watt, observes : " This notion which gives 
identity to vapor formed by heat in a vacuum is ingenious ; 
but how the vapor should ascend HU it arrives at the air 
of the same density is not very conceivable.** Certainly 
not, so long as the heat is assumed to be absorbed hy the 
water while still retaining its liquid form, and that vapor 
cannot co-exist with water in a separate and independent 
capacity. So soon, however, as these errors are repudiated, 
the ascent of the " vapor" through the liquid mass will be 
as intelligible as the ascent of a cork from the bottom to 
the 8Ui&ce in a vessel of water. 
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Here, then, the question is raised — ^here is the stum- 
bling-block which has so long stood in the way; yet, if we 
only look at the formation of vapor, not in the mass, but 
with reference to its atoms, separately and successively 
receiving their quotas or equivalent units of heat, and ob- 
taining their distinct properties of levity, repulsion, and 
elasticity, all difficulties vnll be at an end. 

Let us here keep in mind Dalton*s clear and now recog- 
nized theory (see page 67), and apply its leading principle, 
by which we are warranted in recognizing the independent 
status of vapor as an elastic fluid. This may be illustrated 
in the following way: Let A A represent a given number 
of grains of shot, sufficient to cover the bottom of a glass 
beaker, as in Fig. 32. In this case gravity will be the sole 
agent as regards position. 

Let us next suppose these grains to become endowed 
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with the property of mutual repulsion, under Dalton's law, 
as above, and as the pith balls under electric influence. 
By virtue of these properties they would not only ascend, 
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but separate and diffuse themselves through the entire 
space or area of the vessel, and take their places respec- 
tively, as shown in Fig. 33. 

Here the case is strictly analogous to the bottom stratum 
of atoms of water, as shown under the head of Vaporiza- 
tion^ when converted into atoms of vapor. Under such 
circumstances they would fully satisfy Dalton's law retain- 
ing their repulsive powers — filling the entire space — and 
producing homogeneity of temperature. We, then, rightly 
infer that vapor follows the law of diflFusion, whether it be 
in the medium of the air or that of the water. 

A recent cyclopsedic authority observes: " When a quan- 
tity of water is heated several degrees above the boiling 
point in a digester^ if a hole be opened the steam rushes 
out with prodigious violence, and the heat of the water is 
reduced in the course of three or four seconds to the boil- 
ing temperature. The quantity of steam that has issued 
amounts to only a few drops [a strong proof of the myriads 
of atoms of vapor of which these few drops were composed], 
yet they have carried off with them the whole excess of heat 
from the water in the digester." 

We have here a striking illustration of the confiision 
arising from the hypothesis of considering the water as the 
recipient of the heat^ instead of looking to the vapor. This 
vapor existed below the surfece level of the water as well 
as above it in the digester, and as both went off together 
none would be left behind in the water, but the saturat- 
ing quantity, which can only be removed by evaporation 
in the ordinary way. The so-called " excess of heat'* 
carried away, was then solely that which had constituted 
the steam, and which the increased pressure in the dig^^*®^ 
had mechanically compelled to remain and accumulate ^^^^ 
above and below the surfece level of the water. 
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But see how the error of this theory may he detected. 
If the few drops of water had carried away the whole ex- 
cess of heat, where, or in what, had that heat heen de- 
posited 1 Was it in the water or the steam f If the steam, 
which had "rushed out with such violence,'* had carried 
away that excess of heat, it leaves us in the dark as to the 
means hy which the heat, said to be in the wafer^ was so 
reduced as to lower the temperature to the boiling point. 
We have, in fact, no alternative but admiting that steam 
must have been present both in the water and above it. 

The same authority, feeling the difficulty of the posi- 
tion, adds: "The solution [diflfusion] of a given quantity 
of water (in the form of vapor) in air, has an eflFect on its 
specific gravity. So the laws, according to which the 
humidity of the air varies in proportion to its condensa- 
tion and rarefection, form an entirely new subject, in 
which our ideas hav.e hitherto been vague or erroneous." 
This vagueness will be found to arise from considering 
vapor, air, and water, in reference to their masseSj rather 
than their elementary divisions. 

In proof not only of the presence of vapor in water, in 
the aggregated state of globules, but of their great ascen- 
sional power, the following experiment is conclusive. It 
is true, as Dr. Robinson observed, "an experiment does 
not establish a general proposition, and never can do more 
than prove a particular fact." The proving a fact^ how- 
ever, is a decided step in actual progress, and enables us 
to draw inferences and illustrations which, leading to other 
£icts, bring us ultimately to absolute demonstration. 

Into a glass beaker put as much pounded coal (Fig. 34) 
(see experiment No. 29, pages 122, 123) as will fill it to a 
depth of three or four inches. Pour into it as much boil- 
ing water as will nearly fiU it. Let the flame of a spirit- 
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lamp be then placed beneath, and touching the centre of 
the bottom. The result will be that 
the globules of vapor, on being formed, 
will rise with such rapidity as to force 
their way through the mass of coal and 
project a portion of it high in the water. 
This experiment, so unlike any that 
have been referred to by previous 
writers, shows how fer we still are from 
having a correct view of the union of 
heat with the element of water, and 
though it may only prove a single fact, 
leads irresistibly to the following con- 
clusions, namely: 1st, the absolute ex- 
istence of vapor in the water; 2d, the 
formation of globules or aggregates of that vapor; and 3d, 
the great ascensional power of those globules. 

As the view taken in this treatise of the existence of 
vapor in the water is so opposed to the theory of all 
writers, we cannot be too strict in examining the state- 
ments made by them. Among these may be selected the 
Comte de Pambour, as one of recognized authority ; and 
the more so as he has gone much into detail on the sub- 
ject, and has supplied a sufficient number of texts under 
which the theories of the present day may be examined. 

Theory op Pambour. — Speaking of "the constituent 
heat of steam in contact with liquid," he observes: "There 
is an inquiry relative to the properties of steam which has 
long fixed the attention of philosophers: it is that of the 
quantity of heat necessary to constitute the steam in a state 
of elastic fluid uudeir various degrees of elasticity." We 
here find steam reg^^^^^ as in the mass. Had he spoken 
of the equivalent q^^j^tity ^^ ^^^* necessary to constitute 
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each single atom of steam, as one of the constituent in- 
tegers forming an elastic fluid, the inquiry nvould have 
been legitimate and practical. Had the subject been pur- 
sued analytically, he would have found that ^^ various de^ 
grees of elasticittf^ was only another term for various quanr 
tities of vapor. With equal propriety he might have 
asked what quantity of water a gallon vessel would hold 
at various degrees of weight. 

The very use of the term an elastic fluid, as if he were 
speaking of a sponge or other expandible material, is evi- 
dence of his regarding steam in bulk, and as a single 
body, and apart from its elementary atoms. 

Repeating the old theory, he adds: "It is well known 
that when water is evaporated [vaporized] under atmos* 
pheric pressure, in vain new quantities of heat may be 
added by means of the furnace; neither the temperature of 
the water nor that of the steam can rise above 100° of the 
centigrade thermometer, or 212° of Fahrenheit. All the 
heat which is incessantly added to the liquid must pass 
into the steam, but must subsist there in a certain state, 
called latent; because the heat, though really transmitted 
by the fire, remains, nevertheless, without any eflFect upon 
the thermoipeter," We have here a series of errors, illus- 
trative of the prevailing theories: let us examine each: 

"In vain new quantities of heat may be added." So 
fer from being in vain, every additional unit of heat was 
palpable in the formation of additional atoms of vapor; 
and as available in dynamic effect as the first, or any sub- 
sequent unit taken up. Had these additional quantities 
of heat been retained in the vessel, they would necessarily 
have had a commensurate effect on the thermometer. In- 
stead, then, of looking in the right direction — namely, to 
the formation of the new steam which was seen continu- 
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onsly rising and escaping into the air, and carrying away 
its respectivef quantities of heat — ^he looks to the water, 
which, so long as its atoms remained liquid, could not 
have possessed it. 

If the thermometer could have spoken, it would have 
asked, how it could have received any additional tempera- 
ture from heat which had passed away in the new vapor; 
and that if the object was to act on the thermometer, that 
vapor should not have been allowed to escape. As well 
might Pambour himself aflfect surprise on experiencing no 
effect from the fire of a whole platoon whose balls had 
passed him by, or that the target should have escaped 
perforation from arrows that passed above it. The simple 
fact is, that the newly-formed vapor which receives and 
carries away the newly-applied heat, does not reach or 
came into contact with the thermometer bulb, and therefore, 
can have no influence on it. 

With equal propriety might it be said that, "w vain^ 
fresh quantities of water were continuously poured into a 
vessel already fuRy and then wonder that there was no in- 
crease in weight — ^the truth being that the water, at the 
s()-called boiling point, is then absolutely fall of vapor, in 
the true Daltonian sense of the term. (See Fig. 9, page 
61.) Vapor will certainly be made, if more heat be 
applied, but no more can find room in the water in the 
vessel, unless by mechanicalh/ confining it, as was done in. 
the case of the digester; or, as when we inject more water 
into the hydraulic cylinder without enlarging its area. 

The oversight, then, consists in looking in the wrong 
direction for the results of "the new quantities of heat 
added from the famace,'' namely, to the water, in its 
liquid form, in the very fiice of the vapor carrying that 
heat away. 
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Pambour says: "All the heat which is necessarily added 
to the liquid must pass into the steamP Certainly not 
into the steam then existing in ike vessel, but into the 
successively formed atoms, as rapidly escaping as they are 
generated. 

Again, ." But it must continue there [in the steam] in a 
certain state, which is called latent/* This is altogether 
erroneous: 1st, as it would imply, not that new or addi- 
tional steam was generated, but that the heat merely went 
to give greater volume to that already farmed; and 2d, 
that this newly-^applied heat would be latent, whereas its 
sensible or dynamic value is at once perceptible in giving 
the newly-formed vapor the properties of elasticity, pres- 
sure, and thermometric effect. 

He then goes on to observe, "This latent heat evidently 
serves to maintain the molectdes of water in the degree of 
separation suitable to their new state of an elastic fluid.^ 
Here we have the anomaly of considering the molecules 
of water in a double capacity of a Kquid and an el€isiic 
fluid. Besides, there can be no such separation of the 
molecules of water: no such thing as the suspension of 
that muttial attraction which is the inseparable condition 
of liquidity. When they cease to be mutually attractive, 
they cease to be liquid. 

"But," he adds, "it is important to know the quantity 
of latent heat, in order to appreciate, with accuracy, the 
modifications which steam may undergo." There is great 
confusion here. Steam can undergo no modifications by 
latent heat, whatever it might by sensible heat, after it 
has received its property of elasticity, and is absolutely 
steam. 

The following will show the numerous imaginary dis- 
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tinctions which ingenuity may suggest to complicate the 
subject and embarrass the inquiry after truth: 

With the view of ascertaining the specific laws which 
regulate the action of steam, the Comte examines the sub- 
ject under the following heads: 

" 1st. The relation between the temperature and pressure 
of steam in contact with liquid. 

" 2d. The relation between the relative volumes and the 
pressures, or between the relative volumes and the tem- 
peratures, at equal pressure, in the steam separate from 
the liquid. 

"3d. The relation between the relative volumes, the 
pressures, and the temperatures in the steam, in context^ 
or not in contact^ with the liquid. 

"4th. The direct relation between the relative volumes 
and the pressures in the steam in contact with the liquid. 

" 5th. The constitutive heat of the steam in contact with 
the liquid. 

"6th. The conservation of the maximum density of the 
steam, during its action on the engines." 

In the mathematical investigations which follow these 
heads, we have sufficient to satisfy the most enthusiastic 
advocate of equations and formulae, and the author revels 
in pursuit of the game he has thus raised. In such an 
embarras des richesses he may well be excused, if he some* 
times gets seduced from the truth, or loses his way in the 
algebraic doud he has created. He is prodigal in the 
several distinctions here drawn between pressures, volumes, 
and temperatures of steam, in contact^ and not in contact^ 
with the liquid, and, as it were, for the mere play of in«* 
genuity and power in reducing results to what he calls 
practical formula in full algebraic costume, the reading^ 
of which he considers easier than if given in words. That 
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it is not 80 easy, however, is manifest from his own con- 
clusion, when he says that he found it necessary to annex 
rules designed for persons not familiar with algebraic 
signs, and intended to render the use of the formulae 
contained in the work perfectly clear and easy. Neverthe- 
less, it may well be credited that no practical engineer has 
ever examined the distinctions he has so elaborated 
between his own formulae and those of Dulong, Arago, 
Tredgold, and Southern. It may even be doubted whether 
they have ever been consulted by any one of those profes- 
sional manufacturers for whose special benefit he tells us 
they were written. 

In truth, he anticipates this very result when he adds, 
^^Among the persons who are engaged in the construction 
or in the working of steam-engines, and whom this work 
may consequently interest, there is a great number 
to whom algebraic terms are little familiar, and who 
usually [we may say invariably, if they have first to study 
his rules] give up the reading of a book as soon as they 
perceive it steps beyond the simple notions of arithmetic.** 
It need only be said that, after an extensive inquiry, we 
find this to be verified to the letter. 

Again, he says: — ^'* When it is intended to make a work 
profitable to those persons, the usual practice is to annex 
to each of the definitive formulae an eocplanation in fuU 
words of the arithmetical operation which it represents." 
No more forcible illustration could be given of the practical 
inutility of his own formulae. Feeling the truth of this, 
he adds: — "With the number of formulae contained in 
this work such a proceeding would become impracticable^ 
since the explanation of each series of formulae would 
require a considerable number of pages." With such a 
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confession, how could he have imagined that a single one 
of his series had ever been read? 

In his appendix he has given "Rules for reading his 
formulsB,'' and to which he naively adds: — "TFAew once a 
person shall have made himself master of them he will be 
capable of reading not only the formulse of this work, but 
of all that may present themselves in other works." The 
very task of studying this, his rudimentary treatise on 
algebra, in order to be competent even to read his formulae, 
is as if he had sent them back to school to learn to be 
competent algebraists. It may, then, be said, that not one 
in a thousand of those for whom the work is professed 
to have been written are, as he observes, ** familiar with 
algebraic terms." 

Pambour thus introduces this table of the relative vol- 
umes of steam, generated under different pressures, in 
comparison with the gross volume of water from which it 
was produced, namely: "When we speak of steam gen- 
erated under a given pressure, we understand the steam 
considered at the moment of its generation^ and, conse- 
quently still in contact with the liquid^ It is here mani- 
fest that he considers steam in the mass, instead of in its 
elementary molecules. Now, there is no such moment as 
the generation of a body of steam; although there is such 
a moment peculiar to the formation of each individual 
atom. The very idea of steam being " consequently in con- 
tact with the liquid" is proof of this, as the attaching any 
distinct thermometric temperature, volume, or pressure, 
could only have reference to the steam in the mass. Yet, 
as already pointed out, pressure, temperature, and volume, 
are the mere resultant co-efficients of quantity or progres- 
sive accumulation. As well may he have referred to the 
height or pressure on its base of the Cathedral of St, 
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Faurs, at the m&ment of its being raised in the form of a 
building, and as if its elevation or pressure were a sudden 
or single operation, the weight or pressure being (as of 
the aggregates of steam) the ever-varying and increasing 
result of the accumulation of individual blocks. Tables 
of pressures or temperatures, made or based on such non- 
existing conditions, can necessarily lead to no practical 
results, and may be regarded as mere scholastic devices. 
The idea of steam undergoing changes in volume and 
density, while its temperature remained the same, as he 
observes, could never have been entertained, had he looked 
physically or analytically into the process of nature which 
ensues when heat is applied to a liquid. 

Adopting the expansion theory, Pambour is driven to 
the expedient of supposing that steam is generated ini;he 
mass, firom water in the mass, after it had been raised to a 
given temperature, say 212^, and it is in that sense that 
he speaks of considering steam at '^ the moment of its gen* 
eration, and in contact with the liquid." 

On the subject of written authorities, and the variety 
of views and theories (a list which might be still further 
extended), enunciated by the highest and most justly 
esteemed writers, and looking to the proofs which may be 
offered as to their common mistakes, we may justly infer 
the risk of relying on any until a closer and more scientific 
inquiry has been made, and untU, in parliamentary Ian* 
guage, the whole subject has been referred to a committee 
up-stairs. The present treatise will at least have this 
merit, of eniunerating sufficient grounds for such an in- 
quiry, and of leading to a view of the sutgect more in accord- 
ance with nature's laws and physical demonstrations. We 
may, then, without the imputation of dogmatizing, ques- 



OF YAPOB DC WATKE. 159 

tion a reliance on any thing that has hitheito been written 
on the subject here under consideration. 

So &r from looking to what are called ^'high authori- 
ties'' as safe, practical, experimental, or scientific guides, 
we have in their writings on this question but a melan- 
choly array of contradictions and anomalies, from which 
we practical men can find nothing on which we can rely, 
and are compelled to admit the necessity of experimenting 
and reasoning for ourselves, if we would avoid these dis- 
crepancies which embarrass both the subject and the 
student. 



SECTION VIII. 

OP CONDENSATION. 

^^ The term condensation is commonly applied to the con- 
version of vapor into water in the process of distillation. 
The way in which vapor commonly condenses is, by the 
application of some cold substance. On touching it, the 
vapor parts with its heat, and doing so, it immediately loses 
the proper characteristics of vapor, and becomes water." — 
{Encyc. Brit.) 

We have here a correct description both of the cause 
and process of condensation, or the reconversion of vapor 
into the state of a liquid. Let us then apply it to the 
condenser of the steam-engine. The steam, by virtue of 
its elasticity, rushes into the condenser as it does into the 
worm of the still, but what "coW substance^ does it there 
encounter] This is the aU-important point of the inquiry. 
The universally received theory is, that meeting a body of 
Cold water, it imparts its heat to the latter, and is thereby 
instantly condensed, or reconverted into the liquid state. 

One of the objects of this treatise is to show that J;his 
theory is altogether fallacious, and that water is not a 
substance to which vapor can give out its heat. It will, 
doubtless, hereafter be a matter of special wonder how 
long we have confidingly adopted a theory without inquiry, 
in the face of the many anomalies which it presents, aris- 
ing from the assumption of water being on the one hand an 
absorber of heat, and on the other a non-conductor of heat. 
In common with others, the writer of this treatise for- 
merly considered that heat was absolutely absorbed by the 
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water, which still retained its liquid form, and that the 
vacuum produced in the cylinder was rightly attributed 
to the steam giving out its heat to the water. It was only 
under an irresistible conviction, arising out of numerous 
experimental proofs, that he abandoned the error under 
which we have been so long laboring. 

We wiU first examine the statements of recognized 
authorities, and the grounds on which they are based. 
Condensation in the steam-engine is thus described by 
a fully competent engineering authority : — " The condenser 
is the most wonderful part of the steam-engine It is 
here that the whole process carried on in the boiler, in so 
great bulk, and at so much expense, is instantly reversed^ 
and all its laborious eflfects at once, as it were, annihilated. 
It is the instantaneausness of condensation that is its 
value* 

To this description is added an elaborate statement to 
show that the vacuum formed by the assumed annihilation 
of the steam may even be ^^toogood.^^ In speaking of the 
efforts of rival engineers when extolling their respective 
engines, the same author observes: — ^**It is to be regretted 
that time and talent should be thus wasted." No doubt 
— ^but the formula the author has given is no proof of the 
soundness of the principle or assumed truth it aflfects to 
establish — ^the more so if such formula should prove to be 
but a fiction. "Such," continues the same author, "is Mr, 
Watt's simple account of his beautiful invention, the 
condenser or refrigerator^ which is the characteristic 
member of the modem steam-engine." 

The condenser and refrigerator, we see, are here, taken 
as synonymous. Nevertheless, though a refrigerator^ as 
in distillation, must be a condenser^ the condenser of the 

• **Tlie Steam-Bngine." By John Scott RuaseU, M.A., F.E.S.R, 
11 
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steam-engine, as regards the action of the cold water, is 
not a reirigerator, the water injected having no direct 
influence in depriving the steam of its heat, or converting 
it into water. That such, however, is the theory adopted 
since Watt's time is thus shown by the same authority. 

" The third member, added by Watt, is a refrigerator, 
or condensing apparatus, perfectly separate from, and in- 
dependent of the other two, for reconverting the steam^ 
after it has done its duty in filling the cylinder into the 
liquid form from which it had originally been formed. We 
have, then, the boiler, the cylinder and the refrigerator or 
condenserj^^ 

This is a correct accoimt of Watt's apparatus, and the 
theory it involves. In disproof, it is here to be shown that 
the constituent heat of the steam is not diminished by 
contact with the injected water — ^and that the water does 
not take up or absorb a single unit of the heat possessed 
by the steam. 

Watt's views may be thus summarized in his own words, 
viz.: 1st. That the elasticity of the steam in the cylinder 
would cause it to rush into the separate vessel — the con- 
denser — to restore its equilibrium. 2nd. That in meeting 
the jet of cold water, the steam, giving out its heat, would 
be reduced in temperature and volume. 3rd. That this 
reduction in volume would be from 1,728 cubic inches (the 
assumed proportion under atmospheric pressure) to that 
of its previous bulk as water. 

In the adoption of this process, a suflBicient, and to him, 
satisfactory result, having been obtained, any ftirther in- 
quiry would have seemed unnecessary — the inference na- 
turally being, that the cold water had the direct effect of 
reducing the steam to its previous state and volume, as a 
liquid. This, however, natural as it may be, will hereafter 
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appear to have been a mere unwarranted inference. Let 
us examine this closer. 

Let A represent an atom of water, and B an atom of 
vapor, the enlargement in bulk being Ath. It has | 
already been shown (page 83) that if A has no 
conducting power, neither can it have a receiving 
one. Our great lexicographer says, "giving is a 
relative action, and requiresta correlative to an- 
swer it; giving on one part transfers no property, 
unless there be an accepting on the other," So of giving 
out heat by B to A; none can be conveyed unless there 
be a correlative power of receiving it in A. This, taken 
in conjunction with the argument at page 83, presents a 
prima facie impossibility as regards the vapor atom giving 
out its heat to the liquid atom. 

But, for a moment, let it be assumed that the latter. A, 
had the power of receiving and retaining the heat from 
the former, B; it would then be but a mere reciprocal 
change. A would have become the vapor atom, and B 
have returned to the state of a water atom. If, then, B 
(the vapor) met no "cold substance," to which it could 
give out its heat, it must retain it; and this is the case 
with steam in water. 

Looking practically at the state of the injected water 
in the condenser, the mere fact of its indicated temperature 
being 100° as Watt described it, shows that the steam was 
not condensed into water, but was merely difiused througlx 
the mass, seeing that each pound weight of water at lOO^ 
contains one ounce of vapor, and which it has been shown 
may be recovered if allowed to escape. 

If^ indeed, water could convert vapor into the ^^^1^ 
state, by abstracting its heat, the inevitable xesult ro^^^ ^"^ 
that vapor could never be formed^ or at least h*^^ ^^^ 
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dynamic effect. The moment the first atom of the liquid 
was converted into one of vapor by the heat, it would as 
instantaneously be reconverted by the mass of water sur- 
rounding it. It appears impossible to reject this inference 
Thus, no continuance could exist, and no body of vapor 
could be formed. 

That vapor has not been reconverted into water, or an- 
nihilated^ is at once established by its rising out of the 
water with all its properties and characteristics unimpaired, 
and, so to speak, appearing in proprid persoTid in disproof 
of such annihilation. It has already been shown that 
when water is placed in a glass beaker, with a gas burner 
under it, and a glass saucer or large dial (also containing 
water) is placed on the former, the rising vapor will 
exercise its power, and increase the so-called temperature 
of the water in the saucer from the first minute after die 
heat has been applied to the beaker. In limine^ then, we 
are compelled to admit that the heat has not been retained 
in the water, but has passed away in vapor. 

What really takes place is this, — ^when vapor is thrown 
into what may correctly be called an atmo^here of water j 
each atom is at once compressed, or reduced in influence, 
and prevented exercising its full expansive power by the 
combined densities of the two media — the water and air ; 
no diminution, however, of the temperature of the vapor 
atoms follows. They merely remain, with their com- 
pressed volumes in the water, until they escape into the 
atmosphere, or by contact with some cold substance lose 
their heat, and are then bona fide reconverted into the 
liquid form. 

Water then, or, indeed, any liquid, cannot be considered 
as a substance to which heat can be imparted. In a word, 
heat cannot be received and retained by liquid particles. 
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each of which is susceptible of an instantaneous change, 
in its own statical or electrical condition, by the accession 
of heat 

As well might we expect that atoms of ice could receive 
and absorb heat, and have their temperature raised, yet 
still retain their crystallized form and status of ice^ as 
that those of water could receive it, and retain their status 
of liquidity. 

Air is an elastic fluid, and a recipient of heat, since its 
statm cannot be altered by it, there being no fourth state 
into which it might enter by a further accession of heat. 
Besides, being also a conductor of heat, it is capable of 
receiving and impartii^ it to others, from atom to atom. 
In this way the vapor in the atmosphere, when brought 
into contact with a body of colder air, and more or less 
of the vapor atoms (according to the amount of atomic 
contact realized between them), gives out its heat to those 
of the air, returns to the liquid form, and produces the 
effect of visible clouds. 

When, also, we consider the extreme miscibility of 
elastic fluids, or esriform matter, and the extent of surface 
for mutual contact presented by the aggregation of the 
myriads of atoms which compose bodies of air and vapor, 
we can readily account for the rapid condensation of the 
vapor atoms in the atmosphere, when brought into con- 
nection or collision with currents of colder air. To these 
currents, then, may be attributed all atmospheric changes 
of temperature and humidity, from clouds, fogs, and rain, 
up to the more rapid discharges accompanying electric 
disturbance. 

If^ also, we look to the change in the electric condition 
of each of these vapor atoms, on losing the property of 
repulsion concurrently with the loss of heat, and thus 
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becoming negatively electrified, we have a key to the great 
quantity and intensity of the electric fluid that will be set 
at liberty. 

The Encychpadia continues — ^^ If heat be withdrawn 
from steam or vapor, it no longer remains in the vaporous 
state, but resumes a liquid form. In this state it under- 
goes a great diminution of bulk ; — a large volume of steam 
forming only a few drops of liquid. Hence the process 
by which the vapor passes from the aeriform to the liquid 
state is called condensation.** Here the return to the 
state of liquid is correctly attributed to its loss of heat, 
while it leaves the main questions still untouched — ^namely, 
by what means has this heat been abstracted, and to what 
has it been transferred 1 

We see that on the ordinary theory it is assumed that 
the cold water has absorbed the heat, thus reducing it to 
the state of liquid : in a word, " annihilating ity^* as vapor. 
This error must, therefore, be abandoned before we are in 
a position to proceed; for until the true recipient of the heat 
be determined^ we must remain in the dark as to the prin- 
ciple on which condensation is affected, and the best means 
of producing it in the steam-engine. 

In describing the diflFerence between the condensing 
and non-condensing engine, the assumed rapid conver- 
sion of the steam into water is thus unequivocally asserted. 
" In the high-pressure steam-engine," observes Mr. Rus- 
sel, ^'^the steam is discharged from the cylinder by allow- 
ing the entering steam to press the piston on the out-go- 
ing steam, and force it through the eduction pipe into 
the open air. In the condensing engine^ the steam is anm^ 
hilated almost instantaneously — a vacuum is formed upon 
one side of the piston by the annihilation." 

This, again, raises the question, whether such annihila- 



OP CONDENSATION. 167 

tion does, in fact, take place, and what is the suhstance to 
which the heat would be transferred] 

In the case of the still, it has been shown that conden- 
sation depends on the capability of the metallic refrigerator 
to receive the heat, while the rapidity of the process de- 
pends on the extent of the surface area of such receiving 
substance — ^the cause of the so-called annihilation of steam, 
however, stUl remaining to be determined. 

The- unsatisfactory state of the question, as to the best 
system of condensation, is sufficiently shown by the num- 
ber of patents which continue to be taken out on the sub- 
ject, and the increasing interest exhibited in discussing the 
respective merits of what are termed surface condensers. 
Hall's well-known system was a true surface condensation 
— ^identical with that of the still, and would have been as 
unobjectionable in practice as in principle, but for certain 
mechanical difficulties which were found irremediable in 
its application. 

The rapidity with which vapor parts with its heat is 
truly remarkable, though not sufficiently attended to in 
practice, while it furnishes a strong confirmation of the 
view here taken — ^namely, of vapor being a mere aggre* 
gate of atoms, each of which has its unit of heat in com^ 
Knation^ all being capable of parting simultaneously with 
these respective units; for whatever may be the myriads 
of such atoms, the result would be equally instantaneous; 
hence the importance of the extended surface, or units of 
sur&ce, for contact. 

Faraday, in reference to the process of condensation, and 
the reconversion of vapor into liquids, thus refers to the 
action of the still: "The vapor having reached the worm, 
is there to be condensed; the worm is, therefore, put into 
a tub, and surrounded with cold ^ater, the low tempera- 
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ture of which (the worm) causes the suhstance to lose its 
elastic form^ and flow out in the liquid state." 

Here the heat is correctly shown to be transferred to 
the metallic refrigerator^ by true surface condensation. 
We have, still, however, to consider the effect when the 
vapor is brought into contact with a liquid^ as water. 

When steam is injected into a body of cold water, the 
heat is not taken from it, as in the case of the still. The 
steam is merely diffused through the water, its atoms be- 
coming arranged at distances, in proportion to the quan- 
tity or bulk of water present. We also find its several 
atoms reduced in volume, in the ratio of the density of 
the liquid medium into which they have been passed, 
whether that be water, alcohol, sulphuric acid, or any 
other liquid. 

In all cases the indicated temperature in the water 
jshows a rapid homogeneity in the mass. If, then, with 
Professor Silliman, we consider this homogeneity to be 
the result of the mutual repellent principle among its par- 
ticles, the whole becomes at once intelligible. 

Watt's theory being so universally adopted, it is worth 
quoting here in his own words. Writing in the third 
person (as instruction to his counsel in reference to the 
opposition his patent experienced), under the head of "A 
Plain Story," he has thus given the history of his great 
discovery, and the use and effect of the separate vessel-^ 
the condenser. 

He laid it down that — ^"To make a perfect engine it 
was necessary that the cylinder should be always as hot as 
the steam which entered it, and that the steam should 
be cooled down to below 100°, in order to exert its full 
power." This reference to 100°, which, nevertheless, 
seems inconsistent with a perfect vacuum, was probably 
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occasioned by finding that that was, practically, the lowest 
temperature he was able to obtain, without a further and 
inconvenient quantity of water* He then concludes: — 
"The gain would be double. First, no steam would be 
condensed on entering the cylinder, and secondly, the 
power exerted would be greater as the steam was more 
cooled. The posttdata^ however, seemed incompatible, 
and he continued to group in the dark, misled by many an 
ifftus fatuus^ till he considered that steam, being an elastic 
fluids it mustfoUow the law a/its kind" 

Here we have the germ of his success. Here the induc- 
tive power of mind, and the reasoning faculty of the 
philosopher were applied in the legitimate way — ^to prac- 
tice. Had he, however, then known what the true proper- 
ties of an elastic fluid were, as Dalton subsequently 
discovered, his peculiar powfer of observation would, no 
doubt, have led him to avoid the oversight into which 
Dalton himself fell. He would have found that one of 
those properties was, that the water, into which the steam, 
was thrown, by one of " the laws of its kind^" so fer firona. 
receiving the heat of the steam, and having its temperature 
raised to 100^, merely acted the part of vacuum^ into 
which the steam would pass, without losing any of its heat^ 
or causing a departure from any of the laws o£ its kini^ 
particularly that of the mutual repulsion among it^ 
particles. 

Finding, however, in the use of the separate vessel tH^ 
means of rendering the postulata no longer incompatible-...^ 
namely, the keeping the cylinder hot, and cooling t'lxe 
steam — ^nothing further would appear to him necessairv 
and the reconverting the steam into water would becoixie* 
in his view, a practical certainty. 

Dr. Robinson observes — '^ Watt struggled long to con- 
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dense with sufficient rapidity, without injection.** When, 
therefore, he found that with it he was enabled to effect 
his purpose, nothing could be more natural than the 
attributing his success to the direct action of the cold 
water on the steam. Watt thus described the process: — 
*^ If there were two vessels (A and B) of equal dimensions, 
the one (A) filled with steam, and the other (B) exhausted, 
if a communication were opened between these vessels, the 
steam would rush from the full one into the empty one, 
and they would both remain half exhausted, or be filled 
with steam of half the density." 

Here we have a correct and practical application of the 
law of diffusion among the particles of an elastic fluid. 
The other postuhtunij however, remained unsatisfied— 
namely, the cooling of the steam, and reconverting it into 
water. ^^If then," he continues, ^^into the second vessel 
(B) an injection of cold water were made or cold water 
applied to the outside in sufficient quantity, the portion of 
steam which it contained would be condensed, or reduced 
to water." 

It is clear Watt relied on the cooling effect of the 
metallic condenser itself for the conversion of the steam 
into water, and rightly made no distinction between the 
applying the water to the inside or the outside. Here he 
was unquestionably right ; but, as regards the direct action 
of the water, in cooling the steam, he was in error. He, 
however, found it easier to inject the cold water into the 
condenser, and adopted that plan. We wiU hereafter 
examine the cause of this so-called vacuum, which pro- 
duced the desired effect. 

'^The idea once started," he adds, ^^the rest immediately 
occurred.* The vessel A was supposed to be the cylinder, 
B the condenser. The water, air, etc., accumulated in B, 
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cotild be discharged, and drawn out by a pump. The size 
of the condenser he assumed at random. All this passed 
in his mind in a few hours, and the work was complete. 
In a few days a model was made and#tt work. 

In refutation of the theory of water condensation, may 
be mentioned the &ct, that when steam is injected into 
cold water, in a separate vessel, so far from being con- 
densed or reconverted into water, it appears to issue with 
the same visible cloud-like forms already alluded to in the 
case of vaporization, when the vapor is originally formed 
in the water. If cold water had reconverted the steam 
into a liquid state, how are we to reconcile or account for 
its reappearance 1 Why did not the mass of cold water 
at once cool down, annihilate^ or reconvert the first and 
succeeding atoms as they were introduced? These, and 
other anomalies, are enough to shake all confidence in this 
condensing or annihilating theory. The fitct that a small 
jet of steam discharged into a comparatively large body 
of water is capable of almost instantly raising the whole 
to 212^, shows that the process is not one of lique&ction 
of vapor, but of saturation of the fluid medium with vapor* 
ous atoms. 

Dalton's statement, now so universally adopted, at once 
removes the difficulty — namely, that steam is but dissipated 
and difiused through the water, as if it were a vacuum, and 
being an elastic fluid, it retained its properties irrespec* 
tive of such medium. The ordinary theory of condensa- 
tion by water, and Dalton's theory, of diffusion, are then 
opposite and contradictory. Either the one or the otha 
must be erroneous. If the ordinary theory be right, the 
steam would be at once annihilated by contact with the 
water. If Dalton's were right, it would merely be diffused 
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through the liquid medium, as if that medium were a 
vacuum. 

Professor Rankine has correctly stated the law common 
to all elastic fluids# although it directly contradicts his 
own account of the cause of condensation, when he says, 
" The condenser is a vessel in which steam (an elastic 
fluid) discharged from the cylinder is Uquified by a cotir 
stant shower of cold water J^ Now, if that were the case, 
it would not be "independent of other masses within the 
same spaces," as he has elsewhere stated. 

Following the received theory. Dr. Reid observes, "In- 
troduce into a vessel of water a tube connected with a 
boiler producing steam. The steam is condensed suddenly ^ 
and with a loud noise, as it enters the cold water, from the 
movement induced by it in the water." This, it will be 
seen, is the experiment already mentioned. So far, how- 
ever, from the steam losing its heat, or being reconverted 
into water, it is merely transferred to a denser medium, in 
which each atom was collapsed or compressed in the ratio 
of that density. Further, the loud noise was not as there 
described, but arose from the sudden return of the water 
into the vacant space caused by the collapse, as the report 
of the gun on being discharged is the result of the return 
of the air. 

The collapsed steam (collapsed, but not altered), subse- 
quently rising and reappearing, on being Hberated into 
the air, with all its properties unimpaired, is, as already 
observed, a substantial proof of its non-conversion into 
water. If, on the other hand, it had been so converted, 
its existence, as vapor, would have been at an end. 

We have now to consider the means by which the va 
cuum is produced in the cylinder of the steam-engine. 



SECTION IX. 

] 

OF THE VACUUM. 

From what has heen said in the last section, on conden- 
sation, it will be seen that according to the prevailing 
theory, steam, on being passed into, or brought into con- 
nection with a body of cold water, thereby becomes liqui- 
fied, or reconverted into water; that, in fact, it is abso- 
lutely annihilated as steam, and that (as in the case of the 
steam-engine) the result of this annihilation necessarily 
would be the production of a vacuum in the cylinder • 
We have here, then, to consider how far this theory is 
consistent with feet, and what are the grounds on which it 
is assumed to be connected with the vacuum. 

It may be said that if this theory be fallacious, the 
great judgment and observation of Watt must have, been 
at fault, and the scientific world, since his time, has been 
following an ignis fat uus — the condensation of steam by 
the direct action of cold water. 

In addressing the French Institute, M. Arago, in his 
celebrated Eloge on Watt, and in reference to Mrs. Muir- 
head's reproof of the idleness of her nephew, the young 
Watt, in "dabbling with the tea kettle," observed: "In 
the year 1750 each one of us in the same situation as 
Mrs. Muirh^ad would have perhaps used the same lan- 
guage. But the world has made a stride and our knowl- 

• Professor Basflcine says: "The ordinary condenser i* * H®*"^ *°^ *''" 
tight Yessel of any convenient shape, in wMch the stea^n discharged from 
the cylinder is liquified by a constant shower of cold water from the roae* 
headed injection valve." 
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edge has grown greater; and so when I will explain to 
you that the principal discovery of our fellow-member was 
9^ particular mode of converting steam into watery the little 
James Watt before the tea kettle becomes the mighty 
engineer, preluding to the discoveries which were to im- 
mortalize him; and it will by every one immediately be 
deemed worthy of remark, that the words ^condensation 
of steam^ should naturally have to come to find a place in 
the history of Watt's childhood." 

It would, however, appear that as our knowledge on 
this subject is stiU but imperfect, the limit of our stride is 
susceptible of a stiU larger advance. It certainly is not a 
desirable task to be any way instrumental in weakening so 
agreeable a reminiscence, or questioning any thing com- 
ing either from Arago or Watt. 

In our search after truth, however, and in justification 
of science, as no respecter of persons, it becomes necessary 
not only to question the truth of this particular mode of 
^^ converting steam into water ^^^ but to characterize it as a 
misconception, if not an absolute fallacy. 

Whatever, then, may be the merit of the separate vessel^ 
which is in truth the great element of Watt's success, the 
theory, as regards the action of cold water in producing 
the vacuum, is altogether erroneous. The belief in this 
theory, which so universally prevails in our day, is per- 
haps not so much an impeachment of Watt's judgment 
as a reproach to the present age in the department of 
scientific research and experimental proof. 

But let us examine Watt's own account of his dis- 
covery: "A boiler was constructed which showed by in- 
spection the quantity of water evaporated in any given 
time, and thereby ascertained the quantity of steam used 
in every stroke of the engine, which I found to be several 
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times the fuQ of the cylinder. Astonished at the quantity 
of water required for the injection, and the great heat 
it had acquired from the small quantity of water in the 
form of steam which had been used in filling the cylinder, 
and thinking I had made some mistake, the following ex- 
periment was made: A glass tube was bent at right angles; 
one end was inserted horizontally into the^-spout of a tea 
kettle, and the other part was immersed perpendicularly in 
well water, contained in a cylindrical glass vessel, and steam 
was made to pass through it until it ceased to be condensed^ 
and the water in the glass vessel was becoming nearly hoU- 
ing hot. The water in the glass vessel was then found to 
have gained an addition of about one-sixth part from the 
condensed steam. Consequently, water converted into 
steam can heat about six times its own weight of well 
water to 212^, or till it can condense no more steam.^^ The 
inference here drawn, as to the condensation of the steam, 
may have been a prima facie and natural one, but that it 
was hasty and incorrect, and ultimately led to a long series 
of errors, will appear in the sequel "Being struck," he 
continues, '^with this remarkable fact, and not understand- 
ing the reason of it, I mentioned it to my friend. Dr. Black, 
who then explained to me his doctrine of latent heat, which 
he had taught for some time before this period (summer, 
1764), but having myself been occupied with pursuits of 
business, if I had heard it, I had not attended to it, when 
I thus stumbled upon one of the material facts by which 
that beautiful theory is supported," 

Through the whole of this experiment, it is manifest 
that Watt considered: 1st, that the steam was bona fide 
reconverted into water; 2d, that the heat, as explained by 
Dr. Black, was transferred to the water, and there retained 
"until it was become nearly boiling hot;" 3d, that this went 
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on until the steam ^^ ceased to be condensed;" and, 4tli, 
that this experiment illustrated and supported that "beau- 
ti^l theory" of latent heat. On a closer examination, 
however, it will be found that Watt was deceived, as we 
all have been since his time, and that none of these 
assumed facts will bear the test of inquiry or proof. 

If it were really true, that the heat was transferred to 
the water and retained by it while still in the liquid ferm» 
his inference would have been correct. In such case, 
however, the necessary result must have been that, with 
the loss of their heat, the vapor atoms would irrecoverably 
have lost their identity and characteristics as an elastic 
fluid ; that mutual repulsion would have been changed to 
mutual attraction, and gravity then become the only 
moving power. 

The following experiment, made many years ago, may 
here be referred to in disproof of such results. An appa- 
ratus was fitted in conformity with Watt's statement, and 
expressly to test his inferences. Four pounds of water at 
60° were put into a kettle, and four pounds into a glass 
vessel with tubulures, as shown at Fig. 34. The kettle 
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was placed over an Axgand gas burner, and made steam 
tight by wedges between the Ud and the handle. The 
nozzle was connected by a tube with an intermediatQ tap. 
The steam was then raised in the kettle and passed into 
the glass vessel. A thermometer, passing through a steam- 
tight cork, being inserted in the water, on the tempera- 
ture being raised in the glass vessel to 212*^ by the steam 
from the kettle, and when, as Watt supposed, the water 
would ^^ condense no more^^^ the tap was shut, and the water 
immediately poured out into a flat dish. Instead of find- 
ing a body of ^'^^ water nearly hoiling hot,^^ there was a mixed 
body of water and steam — ^the latter rising in large clouds, 
and for a considerable time.* 

The question then suggested itself, and it is strange it 
did not occur to Watt, where did this steam come from, if 
the heat had merely gone to make the water ^'nearly boiling 
hoti*' What brought the steam so into connection with 
the water that it rose out of it as pure steam as it did out 
of the kettle itself 1 and why was it not condensed before 
being poured out 1 Not doubting the feet of condensation, 
these questions, at the time, created great doubts in refer- 
ence to what really passed in the engine condenser, and 
led the writer to frirther inquiry. The logical inference 
would be, that as the steam rose out of the water as soon 
as allowed to escape, it must previously have been held 
imprisoned, as it were, in the water, since, without heat, 
water could not be converted into vapor, none, however, 
having been appUed to the glass vessel It was, at all 



* The glass TesBel shonld from the oommenoement be well covered with 
double blanket, or much heat will be lost during the process by reuJiaiioH^ 
snd, consequently, the weight of water much Increased. Bxperimenters in 
repeating this process will be surprised at the difficult/ of obtaining accu- 
rate results. 

12 
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events, clearly manifest that the steam had not been can^ 
densed or reconverted into water. 

To say the truth, the kettle experiment, as made by 
Watt, was altogether a slovenly one. 1st No account was 
taken of the quantity of steam generated, and momentarily 
passing away from his open glass vessel during the process, 
or that rose after the temperature had reached 212^, and 
which is very considerable. 2d. No estimate was made 
of the heat radiated from the vessel during the operation, 
every unit of which must have left an atom of liquid 
matter behind. 3d. No thought was ever given to the 
quantity of liquid atoms or globules which we see pass 
from water, not only during ebullition, but long before the 
boiling temperature is reached, and which constitute what 
is called priming. 

It is manifest, then, that Watt's calculations must have 
been greatly in excess when he says, "the water in the 
glass vessel was found to have gained an addition of about 
} part from the condensed steam," seeing that so much 
of that i had remained in the state of pure steam, ready 
to escape on being pour^ out, and when, as it were, 
a wider door or larger sur&ce was thus opened for its exit. 

No doubt the addition of i was found in the glass vessel; 
this quantity would, however, be largely influenced by the 
time occupied in the experiment, and the rapidity of the 
process. 

In truth, it appears. Watt never thought of looking 
for steam in any shape or place, imagining that the entire 
of that which had passed from tiie kettle had been bona 
fide reconverted into water. 

On the above experiment being repeated, and the tap 
being shut, the water, both in the kettle and the glass 
vessel being allowed to cool to 60^ and then weighed the 



OP THE VACUUIC. 179 

fonner had lost 13 ounces, and the latter had gained the 
same weight — that amount of water, in the state of vapor, 
having passed from the one vessel to the other. 

On again making the experiment, the water from the 
glass vessel was poured into the flat pan, and the vapor 
allowed to escape. The result was, that instead of find- 
ing an excess of water, as hefore, equal to 12 ounces, the 
excess amounted to but 3| ounces, as here shown: 

lbs. oz. 

Put into kettle 4 

lbs. oz. 

Remained in after the experiment .... 3 3i > . 

Passed into glass vessel as steam 12| ^ 

Put into glass vessel 4 ^ \ a -ic}! 

Received from kettle as steam 12J ) ^ 

Remained in pan after being cooled, by > 

the escape of the steam ) * 

Weight of steam evaporated from the ) ^ q 

water m pan 5 



4 12| 



We thus see that out of the 12^ ounces which had left 
the kettle in the form of steam, only 3^ were found after 
having been poured out into the pan and allowed to evap- 
orate and cool; consequently, 9 ounces was the weight 
of the steam which rose from the pan. Now, if loss of 
heat by radiation could have been prevented both from the 
glass and the iron pan, the entire 12| ounces which had 
passed from the kettle would all have been recovered in 
the form of vapor, as were those 9 ounces. So in Watt's 
experiment, had there been no loss by radiation, the entire 
of the i part which had been gained in his cylinder vessel 
would all have risen in this state of steam, if allowed to 
do so, and no condensation would have taken place. 
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We see that the steam which Watt assumed to have 
been converted into hot water had been merely mixed — 
diffused among it, in the same way that air, carbonic acid 
gas, or other elastic fluid would (still, however, retain- 
ing its independent vaporous condition), until allowed to 
escape. 

No doubt the abstraction of the steam from the cylin* 
der naturally induced the belief that it had actually parted 
with its heat to the cold water, and, by condensation, had 
produced the desired vacuum. We have then, not only 
to test these assumed results, but to investigate and deter- 
mine what really did take place on the steam and the cold 
water being brought into contact, and what was the cause 
of the vacuum indicated by the barometer. 

In the first place the rush of the steam into the condenser, 
by virtue of its expansive property, would, as described by 
Watt, at once reduce the quantity in the cylinder by one- 
half, supposing they were of equal capacities. As, how- 
ever, the usual proportions are for the condenser to be but 
half the size of the cylinder, the reduction of volume would 
only be one-fourth of that in the cylinder. 

2d. The cold water, by the mode of its injection, being 
spread and dashed against the inner surfitce of the metallic 
condenser, the latter necessarily becoming cold, acts the 
part of a true sur&ce condenser, in the same way as if the 
water had been made to act against the outside as in the 
still. Thus an absolute conversion of the steam into water 
is effected, and an absolute pro tanto vacuum produced, in 
proportion to the extent of the available sur&ce, and its 
reduced temperature. 

Had the inside sur&ce been sufficiently extended, and 
cold enough, the entire of the steam would have been con- 
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densed, and a perfect vacuum formed. Practically, how- 
ever, but a very moderate portion of the steam is so dis- 
posed of. 

3d. The water ejected into the condenser becomes rap- 
idly mixed with the incoming steam. So fer, however, 
from the latter losing its heat or being condensed into the 
state of water, it is merely mechanically diffused, as already 
observed, on the true Daltonian theory, among it, in pro- 
portion to the respective quantities of each. 

It may then be broadly and unequivocally stated that 
there is no other mode by which steam can be condensed 
— that is, reconverted into water — ^than by the abstraction 
of its heat by metaUic refrigeration, as is done in the still, 
or in Hall's system of metallic tubes. That in a word 
there is none other than Surface Condensation. 

That water, whatever may be its temperature, is inca- 
pable of reducing steam to its previous state and bulk of 
water, is susceptible of direct proof, and may thus be 
shown. In Fig. 35, yl, an iron boiler capable of holding 
eight pounds of water, was fitted with a Bourdon pressure 
gauge, and heated by the flame of gas from an iron tube 
having a double row of small orifices for the issue of the 
gas. B^ C, and D, are copper vessels furnished with tub- 
ulures, and the necessary intermediate taps to separate 
their respective contents, and prevent the return of the 
water on cooling, by which the tubes would otherwise act 
the part of syphons. (These two taps should be shut be- 
fore that which is in connection with the boiler.) 

Each copper being frimishe^ with a thermometer in- 
serted in an air-tight cork, four pounds of water at 60^ 
were put into each. The gas being lighted under ttie 
boiler, so soon as the water in it was saturated, the steam 
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began to pass into the copper Bj and in twenty minutes 

the thermometer in- 
^' ' dicated212^ In the 

same way, on being 
saturated with steam, 
it passed into C, and 
then into D, from 
^ which it issued in full 
force. ' 

Now, if steam could 
have been annihilat- 
ed, or converted into 
the liquid form by the 
agency of cold water, 
it would have taken 
place in the first vessel 
B. Nothing of the 
kind, however, oc- 
curred^ So soon as 
that vessel obtained its 
saturating quantity, it 
passed into the cold 
water in the second, 
and so on to the third, 
the cold water in each 
merely acting the part 
of a vacuum or me- 
dium for the recep- 
tion of the steam« 
On the third vessel 
becoming thus saturated, and the thermometer indicating 
212®, the intermediate taps were shut, and the water let 
out into separate flat dishes, the steam rising from each as 
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already described. When all the steam had escaped, and 
the tempezatores had returned to 60^, each was agam 
weighed, and the usual amount of escape by evaporation 
was ascertained. 

As copper B^ however, had been longer under the op- 
eration than C, the weight of water in excess of saturation, 
caused by radiation, was necessarily found to be greater 
in B than in C; and so in C than in D. 

In truth, had there been one hundred such vessels, the 
steam would have passed through the water in all, and 
not a single atom would have lost its heat to the water, 
or been condensed. If cold water, however, had been 
poured on to any of these copper vessels, they would be- 
come absolute metallic refrigerators, and a vacuum would 
instantaneously have been effected in it. 

It is remarkable that none of the numerous writers on 
this subject have gone into this question of the assumed 
effect of water in depriving steam of its heat, and recon- 
verting it into the liquid state. It appears to have been 
adopted by all as a truism, and a natural, though merely sup- 
posititious inference, from the successful use of the separate 
vessel — ^the condenser. Nevertheless, such a theory is in- 
compatible with the patent and indisputable &ct of the 
steam rising in such volumes from the so-called condensed 
or heated water on its being poured out. When a solid 
body is heated and allowed to cool, the heat is radiated from 
it. But none of the matter itself passes away, and, con- 
sequently, no weight is lost. When, however, a body of 
so-called heated water is allowed to cool (unless confined 
in a close vessel), not only does this heat escape by radia- 
tion from the vessel, but a portion of the water itself va 
the form of steam, passes away, and weight is lost. From 
this we would infer, not that the heat was really combined 
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with the water, in the liquid form^ in which case it would 
have passed off by mere radiation, but that it remained 
associated with water, in the form of vapor, the atoms of 
which, by reason of their levity, rose out of the water, and 
carried away each its constituent heat along with it The 
subject manifestly requires further investigation. 

So long, then, as we remain ignorant of the true reci- 
procal relations between vaporous and liquid atoms, under 
the operation of an increased or diminished quantity of 
heat, we must remain alike incapable of deciding on the 
vanous results of temperature, pressure, and volume. 
The right understanding of the process carried on in the 
separate condenser is therefore absolutely essential to our 
deciding on the most effective mode of producing a good 
and available vacuum in the cylinder. 

Water, however, having no direct action or influence 
m producing the condensation of the steam, or taking up 
Its heat, undivided attention must then be given to the 
means of improvbg the effect of metaOic refrigeration. 
ihis may be done by enlarging the area of heat-absorb- 
"^ surfece, or increasing the rapidity of its action. Sug- 
gestions on these points ^ ^J^^r be offered. 
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SECTION X. 

ON EVAPOBATION. 

It has been well observed that "accuracy in the use of 
language implies accuracy of reasoning." The reverse 
may be applied with equal truth, and in no instance, in 
the range of philosophical inquiry, is that reverse more 
applicable than in the branch of the subject now before us. 
The absence of accuracy is also here the more remarkable, 
seeing its recognized importance in all chemical investiga- 
tions and analyses under the nomenclature. 

The formation of vapor atoms from liquid atoms has 
been already described, and we have now to consider the 
conditions under which the former are separated^ and 
escape from the water. 

The distinction between the generation of vapor, and its 
mere escape into the air, would appear so self-evident that 
it is the more extraordinary there should be any doubt on 
the subject, or any room for inaccuracy in describing their 
respective peculiarities. 

Nothing, however, is more common, even among writers 
of the highest authority, than to find the terms vaporiza^ 
Hon and evaporation^ not merely confoimded, and used 
as if they were synonymous, but actually reversed, and 
thus so misplaced as to lead to serious practical errors. 
Notwithstanding the indiscriminate and often utterly Ixx* 
corred; use of these terms, no two processes in nature 
can be more distinct. Vaporization^ ^ already observed, 
being the conversion of liquid atomB ^^ ^os^ of vapor 
by the absorption of heat. EDaoOfO'*^'^ ^^ ^^ other 
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hand, being the mere escape of the vapor atoms so/armed^ 
and without reference to heat. This distinction then is 
neither empirical nor arbitrary, but chemically, phil(dogi- 
cally, and vi terminij representative of the processes them- 
selves. A few instances may here be given of their mis- 
application. 

^^Evaporation,^ says the Encyclopedia Britannica^ "in 
natural philosophy, is that process by which water and 
other liquids are converted into steam, an elastic fluid, and 
dissipated in the atmosphere." This description is as 
inaccurate as it is explicit. Water, or other liquids, 
assuredly are not converted into steam by evaporation. 
The cause and effect are here confounded. The term 
evaporation has no meaning but as expressing the departure 
or removal of vapor, as when speaking of emigration, 
there can be no departure until there be an emigrant, or 
somebody to emigrate. So there can be no evaporation 
until there be vapor to escape. With equal correctness 
and propriety might it be said that the process of generating 
the gas from the coal in the retorts, by the heat with 
which they are surrounded, is the same as that by which 
they pass through the pipes and escape from the numerous 
orifices in our street burners. In both cases, the generation 
and the escape are equally distinct processes. Evaporation, 
then, is not concurrent with, but consequent on the previous 
act of vaporization. The neglect of this distinction involves 
the error of implying that liquid atoms are converted into 
vapor only when they rise and escape into the air ; or, the 
equally erron^us inference, that watery atoms rise, mere 
motUj and, m such, are dissipated in the atmosphere. 

Bees' Cychpadia thus makes a similar mistake, and in 
the same words : — '^Evaporation is that process by which 
water and other liquids are converted into vapor or steam. 
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an elastic fluid, and dissipated into the atmosphere/' Now, 
if this description of evaporation were true, what meaning 
should be attributed to the term vaporization f 

Again, as vapor is continually rising from water at all 
temperatures, and dissipated in the atmosphere, such an 
explanation becomes still more unintelligible and mislead- 
ing, as it would ignore the use or action of heat altogether. 

The Cyclopadia goes on to quote the opinions of philo- 
sophers which are here more entitled to notice : — ^'^ Aristotle 
ascribed the formation of vapor to the action of fire. 
Halley supposes small spheres of water to be filled with 
subtle fluid, so as to make them lighter than air. Desagu- 
liers asserts that water is capable of being converted by 
heat into an elastic fluid much lighter than air." All these 
authorities are right in considering the formation of vapor 
to be the union of liquid particles with heat, but furnish 
no authority for the supposition that evaporation means 
the imparting of that heat. 

Saussure says: — " Evaporation^ properly speaking, is the 
result, or„ rather, effect of the intimate union of elementary 
fire (heat) with water. By this union the water and fire 
combined form an elastic fiuid, specifically lighter than air, 
and which is peculiarly distinguished by the name of 
vapor.^^ Here we have a clear and correct description, 
not of evaporation, but of vaporization, and it is only when 
the vapor thus formed escapes that evaporation begins. 

It is admitted by all, that " evaporation produces cold." 
This is correct, since, as increased temperatijre is derivable 
firom the increased quantity of vapor atoms present, so the 
escape of these atoms is tantamount to the escape of the 
heat whi6h they (each) carried away and by which the 
sensation of cold was produced. 

Eees' Cyclopadia says— "Cold is prod^^^^ when ^'^1 
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part of the human body is moistened with water, and the 
same is suffered to evaporate." Here again is a direct 
case of vaporization — seeing that the atoms of such 
moisture must first be vaporized before they can pass into 
the atmosphere. 

The following simple experiment will illustrate the 
two processes of vaporization and subsequent evaporation. 
Hold a champagne glass in the hand, as in Fig. 36, and 

Fig. 36. 




then pour into it some cold water — ^the colder the better. 
A sensation of cold is immediately experienced, indicating 
the loss of heat from the hand. The question then is, 
what becomes of that heat? The ordinary theory would 
say, that it had gone to heat the water. This is an error. 
It has gone, first to heat the glass, and then, not to heat 
the water, but to vaporize, or convert the atoms of the 
water, in immediate contact with the glass, into vapor, 
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each atom of the liquid receiving its unit of heat, and so 
becoming one of vapor. 

What proofi it may be asked, have we of such conver- 
sion 1 The most tangible and incontrovertible, namely, 
the escape of that vapor ai\d its becoming visibly condensed 
on a glass, or mirror laid on it, as observed at page 44, 
Fig. 3. Here then we have — 1st. the vaporization of a 
portion of the water ; and, 2ndly, the escape of that vapor, 
and its visible condensation. 

In the Philosophical Transactions for 1792, in an essay 
on evaporation, by De Luc, it is said, " that vapor in the 
air is precisely the same as vapor in vacuo^ and that there 
is " a certain minimum distance of the particles for each 
temperature at which they sustain their elasticity." This 
is correct, and in truth, involves the whole case. Dalton 
also observes : — " Steam in vacuo and steam in the air are 
precisely of the same force at the same temperature^ forming 
a mechanical mixture, and not a chemical compound.** 
Now, what is this but saying that similar quantities of 
vapor, wherever they may be found, will necessarily pro- 
duce the same temperature and effect. This he further 
illustrates by stating that " the quantity and force of steana 
become synonymous terms." 

It is here then insisted that this doctrine is equally true 
of vapor, whether it be in water or in the air^ thus carry- 
ing Dalton's sound principles to their legitimate issue. 

The Qfclopadia goes on to say, ^ that, *' though the 
reasons assigned by De Luc and Dalton for the non-con* 
densation of steam already existing in the air, appear to 
be incontrovertible, yet no sufficient reason has been giveu 
by either of them for the entrance of steam of low 
temperature into the atmosphere. How does steam of * P^rt 
of the force of the atmosphere at first penetrate it '^'^ 
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The difficulty here unnecessarily raised is manifestly the 
result of regarding the steam as a body, or en masse. 

It is, however, not the mass that " finds an entrance into 
the atmosphere," but it is several atoms, each of which, 
in its individual capacity, rises from the water, and, being 
lighter than the atoms of the air, ascends in it, as a balloon 
would from the ground. There can, in &ct, be no such 
thing as a high or low temperature in an atom of steam — 
these terms solely applying to any difference of quantity 
in a body of water or air, each atom individually having 
its own specific gravity, volume, weight, and temperature. 

Regnault &lls into the same error, in mistaking vapor- 
ization for evaporation. " Water," he says, " easily takes 
the gaseous state ; the temperature at which this change 
of state takes place depends on the pressure of the air.'^ 

This is palpably erroneous. The formation of vapor is 
wholly independent of pressure. Had he said that the 
escape of the vapor from the water, after it had been 
formed^ is influenced by the pressure of the air, he would 
have been correct Yet the view taken by him is that 
adopted by most writers, and further, that the generation 
of vapor only takes place at the boiling point, many in- 
stances of which have been already quoted. 

Now, had a true distinction been drawn between the 
two processes oi generating vapor and its subsequent escape 
— ^in other words, between vaporization and evaporation — 
these errors could not have existed, as it must have led to 

* '* L'ean prend faoilement I'etat gazeaz ; la temperature ^ la quelle ce 
ohaugement d'eUt a lieu depend de la pression de Pair. On a prig pour 
second point fixe du thermomdtre, lequel est marqnd 100 dans la dirision 
centigrade, la temperature ^ la quelle lean bout sous la pression de 760 
mUlimdtres de meroure. La temperature k la quelle cette ebullition a lieu 
diminue avec la pression, ainsi, I'eau bout sous une oouche de glace dans 
le Tide de la machine pneumatiqne.*' 
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a right imderstandiiig of the connection which heat bears 
to the liquid a^ms, and have solved the question as to 
where, and how, and when the vapor was formed. Had 
the term and act of vaporization been correctly defined, so 
serious an error never could have existed as the associat- 
ing the generation of vapor with the boiling point, or 
212^, as Regnault has here done. 

That reduction of temperature is merely the result of 
the escape of vapor will be satis&ctorily illustrated by the 
following experiment: Let the nine squares. Fig. 37, be 
assumed to represent so many stages through which a 
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body of water in an open vessel passes under the process 
of evaporation, each stage representing ^le quantities of 
vapor remaining, with its state of division, and consequent 
temperatinre. 

In this we have a correct representation of Dalton's 
theory of difiusion« Let No. 1 represent the state and 
quantity of vapor existing in the vessel at the temperature, 
say, of 200^. As evaporation proceeds, and the quantity 
of vapor is reduced, so, necessarily, wiU be the reduced 
weight and temperature. The continuous process of difPii* 
sion, always producing a homogeneity of vapor, and con- 
sequently of temperature, in the mass, may here be visibly 
noticed — ^the stars representing the vapor in the water 
under the influence of diffusion. 

Thus: No. 1 will represent 200® 
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"Dalton," says Thomson, "made a set of experiments to 
determine the rate at which water evaporates from a ves- 
sel of a given diameter, at different temperatures, suppos- 
ing the atmosphere in which the evaporation is going on 
to be quite free from vapor." The following experiments 
will enable us to determine that question on a larger 
scale, and with sufficient accuracy to warrant the assertion 
that, although the times vary, the loss of weight, by evap- 
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oration, eateris paribuSj will always be commensurate with 
the loss of heat. 

Four pounds of boiling water were poured into a flat cir- 
cular pan, 12 inches diameter and S inches deep, placed on 
the scale of an accurately-balanced beam, with a thermome- 
ter suspended in the water. On the thermometer indicating 
300^, the gradual reduction in weighty from the escape of 
the vapor and the time occupied, were noted at each reduc- 
tion of ten degrees of heat. The loss of vapor was ascer- 
tained by weights, each being one-tenth of an ounce. The 
result was as follows: 
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Here we see the escape of the vapor was accompanied 
by a reduced temperature and a corresponding reduced 
weight. Could radiation from the sides and bottom of the 
tin vessel have been prevented, the loss of each ten de- 
grees of, temperature would throughout have been accom- 
panied by the loss of a uniform and commensurate weight. 

The following further experiment may here be men- 
tioned as exhibiting the two distinct processes of vaporiza- 
tion and evaporation going on at the same time, and in 
disproof of the received notion of vapor being only formed 
at the temperature of ebullition. 
13 
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Six povinda of water at 70" in the same pan were sus- 
pended over a large gas burner, and the temperature 
raised to 200°— the loss by the escape of the portion 
of the newly-formed vapor being noted for each increase 
of 10 degrees of heat. The heat was then withdrawn, 
and the observations continued until the thermometer had 
returned to its initial 70°. In this case the pan was 
cased in a jacket of india-rubber, with a view of retarding 
radiation. The effect, however, was rather injurious as 
soon as the temperature became reduced. A current of 
air was also continuously thrown on the surfece of the 
water, by which the rate of evaporation was increased. 
The following table will give the results. It will there 
be seen that, although for some time the rate of evapora- 
tion continued uniform with the loss of heat, still, as be- 
fore, so soon as the jacket became cold and radiation be- 
came considerable, the discrepancy between the loss of 
heat and ^e^ht became considerable, heat being then 
»«»ergiVen out to the jacket. 
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The inferences from these results are — 

Ist. That the vapor which escaped unremittingiy into 
the air, under the process of evaporation, must have pre- 
viously existed in the water — ^its escape being proportioned, 
to the area of the surface exposed to the lighter medium 
of the air. 

2d. That the reduced temperature was the concomitant 
of the reduced weight of vapor escaping from the water. 

3d. That the increasing time required for the escape of 
each quantity of vapor was clearly accounted for by the 
reduced quantity or number of atoms momentarily and 
successfully exposed to the air in the upper stratum of the 
liquid under the operation of diffusion in the mass. 
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Let us examine this process of evaporation still closer, 
and in reference to the sur&ce area. Let Fig. 38 repre- 
sent an open vessel containing one pound of water at a 
temperature of 200°, and having a surface of one square 
foot; and Fig. 39 another vessel containing the 9ame 

Fig. 38, 



^^f\ 'iV ^I> ^f^ ^^ 

^ ^ ^ ^^^ 



Fig. 39. 






quantity o( water, at the same temperature, but with an 
exposed sur&ce of two square feet. '^ As the escape of thfi 
vapor takes place from the surface, where it fe in direct 
coiftti^ with the air above it, it is manifest that, as tke 
snrfiice area is double in the latter case, so the number of 
vapor atoms in the upper stratum, as here shown, wiU b^ 
double^ and consequently the rate of evaporation, or escape 



* The oiroles in the centre represent the atoms of rapor; tl^e radii reprer 
tent the diyerging or repalsi^e inflnenoe of each. 
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of the vapor, will also be double, in equal times. Dimin- 
ished tempeiature, then, is not the cai^e^ but the conse*- 
quence of a diminished quantity of vapot present in a body 
of water* What is then meant by cooling is neither taore 
nor less than eith^ allowing its vapor to escape into the 
air, as from an open vessel, or^ by its loss of heat from 
radiation, by which the vapor becomes reduced to its pre- 
vious state of liquid. 

Thomson says*"Whela the air is perfectly still, the 
vapor, ^^M it form^^ accumulates over the sur&ce of the 
Water.** Here the fortnation of the vapor is assumed to 
be contemporaneous with its escape^ despite the commou'- 
sense view that the vapor must have been formed before it 
could escape, except on the absurd supposition that it was 
produced by contact with the cold air above it 

Among the authorities consulted on the subject of this 
treatise, was one which cannot here be omitted, inas^ 
much as it is presented, somewhat ostentatiously, " for the 
use of the officers of Her Majesty's navy;"* and the more 
60, as it furnishes conclusive evidence of the necessity of 
further inquiry, and of the still unsettled state of the sev* 
eral questions considered in these pages. It is to be 
remarked, that in this volume the all-^important subject of 
the existence of vapor in water, and which is so directly 
connected with the disputed cause of explosions, is hot 
even alluded to. Further, in a work professing, among 
other points, to be an inquiry into the subject of heat in 
connection with water, and all that appertains to the gen«- 
oration of steam, and its use in the steam-engine, the very 



* ** The Marine Steam-Engine^ designed ehiefij for the use of the 04|eerto 
of Her Majesty's Nayy," by Thomas J. Main, M.A., F.R.Abt.B., Mathematical 
Professor at the Royal Naral College, Portsmouth, and Thomas Brown, Chief 
/ Sngineer, B.N., attached to the R.N. College. 
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heada^Vaporizatian and Ebullition^ axe not to be found in 
an otherwise comprehensive table of contents, embracing 
no fewer than 370 articles. 

There is, however, one article on Vapor and Steam. 
Naturally looking to that for a copious and elementary 
view on the subject, the whole is found to be compressed 
into six lines, and these containing as many errors. The 
following is the article in extenso (see page 26, article 37). 

"To distinguish vapor from steam, vapor is formed only 
at the surface; steam from the body of the liquid. Evap- 
oration proceeds at all temperatures. Steam is formed 
when the fluid has arrived at a certain fixed temperature. 
The formation of steam is a violent process; the formation 
of vapor is gradtml and insensible^ 

It is much to be regretted that it becomes necessary to 
point at least to the absence of inquiry on the subject, 
which involves the due management and working of the 
boilers, as regards the generation of steam, and those 
essentials which involve the cause and prevention of ex- 
plosion ; of which we have lately had so fatal an example 
in the Great Eastern. 

This article may then be thus summarily reviewed. The 
following are among the statements it contains — ^viz.: 

1. A distinction is drawn between vapor and steam. 

2. "Vapor \m formed only at the suTfaceP 

3. "Steam informed from the body ofthefiuidr 

4. " Steam is formed when the fluid has arrived at a cer^ 
tain temperature." 

5. "The formation of steam is a violent process,^^ 
Whatever may be the merits of the work in other re- 

sp^ts, it is only necessary, as regards the above, to say, 
that each and every one of the above statements is* theor- 
etically and practically erroneous. 



SECTION XI. 

OP SPONTANEOUS EVAPORATION. 

So MANY writers of high standing have in their works 
devoted each a separate section and consideration to the 
branch of the subject embraced under the above head, that 
it is here considered advisable to adopt a similar proceeding. 

Among the anomalies resulting from the want of a cor- 
rect knowledge of the relation which heat bears to water 
in its liquid and vaporous states, none are more remarkable 
than those connected with the process of evaporation. 
Unable to reconcile or account for the fact of the escape 
of vapor at all temperatures, in the absence of any reliable 
explanation of place or means by which the vapor is 
formed, writers have recourse to the theory of " spanta^ 
neaus evaporation. " 

" Water slowly evaporates (says Professor Brande) under 
exposure to the air; its vapor mixes with the surrounding 
atmosphere, and. the process is usually called spontaneous 
evaporation; it takes place at all temperatures, and with 
a rapidity proportionate to the dryness of the air, and the 
velocity of the current passing over it.'' 

There is here an oversight of importance which merits 
attention. The evaporation from water is here assumed 
to be in consequence of its ^^ exposure to the air.^^ This is 
not the case; the evaporation, or escape of the vapor, 
is always going on, whether the water be so exposed or 
confined in a vessel apart from the atmosphere. If we half 
fill a large bottle, as shown at page 141, Fig. 30, and 
tightly cork it, we find the vapor continuously rising frona 
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the water, and being condensed on the ufper part of the 
glass always trickling down, and again returning into the 
water, so that no loss of weight is sustained; while the 
Vmer part of the bottle, receiving heat from the tempera- 
ture of the room, produces a continuous supply of new 
vapor in the water, as described at page 188, Fig, 36. 

Now nothing can be more unphilosophical or embarrass* 
ing than this supposed endowment of the liquid with 
a species of moral aptitude or will. If it were physically 
true that wxter evaporated or separated itself from the 
mass, it would imply that the liquid atoms, by some 
impulse or inherent power of their own, were converted 
into vapor; or that, notwithstanding their individual 
weight and mutual attraction, they separated from the 
mass, and rose into the air. 

The term spontaneous seems to have been adopted as an 
excuse, or qitasi reason, by writers unable to assign 
a sufficient cause for the diminution of the mass of water 
exposed to atmospheric influence. It is, however, an 
unmeaning and inapplicable term when applied to brute 
matter. ^^ Spontaneous,^^ as our lexicographers say, means 
** voluntary, acting of itself, implying a will which may ox 
may not be exercised, and a power of acting of its own 
accord." Such, however, is wholly inapplicable in refer- 
ence to physical laws. With equal propriety may it be 
said that a cork from the bottom of water, or a balloon 
from the earth's surface, rises by some spontaneous impulse. 
To speak of water being heated or expanded, may be a 
convenient mode of expressing a convenient theory; the 
idea, however, of ^ontaneous evaporation is so utterly at 
variance with the laws of inorganic matter, that the term 
never should have had a loetis standi in an iuquiry of a 
philosophical or chemical character. 
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But) in tmth, tiiete is no necessity for this recourse to 
a supposed spontaneous action. All the moTements in 
connection with evaporation are so subject to the immuta- 
ble and well-known laws of gravitation and diffusion, and 
now so inteUigible, not to say visible, tiiat it is a matter of 
equal surprise and regret that it should have been so 
pressed into the service* If we examine the subject 
oarefiiUy and practically, we shall find that the rise and 
escape of vapor atoms (which virtually is evaporation) is as 
much under the influence of gravity as that of the cork in 
water. By the ordinary theory, however, we are left to 
infer that vapor atoms only have an existence as they rise 
from the surface of the water, and, consequently, are then 
formed without any further accession of heat. 

Professor Graham (vol I. 268) says — ^^ in the process 
of evaporation the vapor is supplied only from the super- 
ficial layer of the liquid." This leaves the all-important 
questions undecided, namely, where was that vapor formed, 
where did the heat come from by whidx the continuous 
supply of vapor was produced, and by what means, and 
where, did it obtain those properties which he admits are 
the distinguishing characteristics of vapor 1 It would, 
then, have been more to the poiat to say, the supply came 
from the superficial layer^ or straium of vapor atoms, in 
the water, as already described. (See back, page 42, Figs. 
1 and 2.) 

The Professor then goes on to say — ^** It is, therefore; 
evident that extent of surfiice must greatly influence the 
' amount and rapidity of evaporation." No doubt of that. 
Extent of sur&ce, however, can have no influence on the 
formation of the vapor, although it has on the amount of 
evaporation — ^that is, on the quantity escaping in given 
times. The difficulty of obtaining an intelUgible view of 
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the subject is further increased when he says — ^** Vapor, 
though slowly formed in cases of spontanetms evaporation, 
is similarly constituted to that produced by rapid ebuUition." 

Turner also says — ^^ Evaporation, as well as ebullition, 
consists m ihe formation of vapor ^ and the only assignable 
difference between them is, that the one takes place quietly ^ 
the other with the appearance of boiling." 

Nothing can be more unwarranted than this view of the 
subject. Here, vaporization, or the ^^^ formation of vapor ^ 
is clearly mistaken for evaporation, or its escape; and as 
to ebullition^ it has already been demonstrated that it has 
no relation whatever to such formation. 

" Scientific men (he goes on to say) have differed con- 
cerning the cause of evaporation. It was once supposed 
to be owing to chemical attraction between the water and 
the air. The experiments of Dalton prove that heat is the 
true and only cause of the formation of vapor.^ How, 
then, can this undoubted truth be reconciled with the 
theory of the vapor being "supplied only from the super- 
ficial layer of the liquid," where no such heat could he 
applied? 

Again, Turner adds — ^*' Water, placed under the receiver 
of an air-pump, evaporates with great rapidity," So, also, 
Begnault says — ^^4'eau hout sous une couche de glace dans 
le vide de la machine pneumatique." These opinions, 
then, only make the confusion more palpable, as no heat 
could possibly be supplied, to form vapor, under such cir- 
cumstances. 

In proof of the contintted adoption of the same theories, 
we find it stated in a late work, that "water, which is 
liquid under the ordinary pressure and temperature of the 
atmosphere, assumes the gaseous state, either by divunish- 
ing the pressure, or by increasing the temperature in a 



OP SPOOTANBOirS BVAPOBATION. 203 

certain ratio.* Under the atmospheric pressure, and at a 
temperature of 212°, it becomes gaseous^ or evaporates.^ 
Here, the becoming gaseous, and eyaporating,.are used as 
synonymous terms and representing similar processes. 
How liquids can be converted into the gaseous form by 
merely diminishing the pressure is inexplicable; and 
that vapor is formed only when at 212®, is refuted by its 
appearance and condensation, as before shown, from the 
moment the heat is applied. 

There can be no wonder, then, that "scientific men 
should differ concerning the cause of evaporation," seeing 
that they begin by assuming that the heat applied, either 
firom above or below, goes to heat the water, rather than 
to convert it into vapor; and that vapor has its existence 
only as it rises out of the water, or when at the boiling 
temperature. 

We see, then, how inextricably involved is the subject 
under the prevailing theory, and how impossible it is to 
reconcile the anomalies which present themselves at every 
stage of the inquiry. 

It may here be noted, that while the authority of Dalton, 
on the diffusive property of vapors, is recognized by all 
writers, they ignore its effect practically, both in vaporiza* 
tion and evaporation. Nevertheless, all these anomalies 
and contradictions are at once reconciled by the application 
of those very laws which Dalton has so clearly explained. 

Sir it. Kane repeats the assumed theory of spontaneous 
evaporation thus: — "The conversion of a liquid into vapor^ 
at ordinary temperatures^ is often called spontaneous evapora-* 
tion; and in the case of water, from the great extent to 

««The Steam-Bngine for Praotioal Men." By James Hann, A.I.C.B., 
Matliematioal Master of King's College School, and Jasto Oener. Civil 
Engineers. 
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whidi it beoomes subsement to the economj of nature, 
the process is one of liigh importance." 

A distinction is here eought to be inferred betweefi 
evaporation under *' ordinary temperatures^" and that whidi 
. may be produced under other circumstances. This is^ 
howcTer, untenable^ as all authorities admit that vapor is 
the same whatever may be the temperature under whidi 
it is generated. In the above, the o(mi>ersum of a Kquid 
into vapor is manifestly confoimded with the escape of the 
vapor so formed. 

Thomson, also, has devoted a separate section to the 
consideration of ^^spontaneous evaporation!^ beginning 
thus :-~^^ Everybody knows that water evapoiates at all 
temperatures, however low.** Here we have a palpable 
misconception, arising out of the inaccurate use of terms, 
enunciated as an axiom or self-evident proposition. Here 
we have the petitio principU at issue, which, if admitted, 
would put .an end to further inquiry. Now, everybody 
knows that it is so said; none, however, have proved it* 
Vapor escaping from water is certainly no proof that the 
water evaporates or escapes. The evaporation of water^ 
and the evaporation from water ^ would be distinct pro- 
cesses, and should have distinct meanings. In truth, the 
, opinions of scientific men, as to the cause or process of 
this escape of vapor — this so-called spmtanemks evaporation^ 
are as variable as if nobody knew any thing about it. 

**Let us consider (he observes) the evaporation of water, 
at low temperature^ with attention. The evaporation is 
entirely confined to the surface^ and is therefore in pro^ 
portion to that surfece.'* It might be here asked — ^Where 
else could the vapor have had the means of escape but at 
the surfece, the only door open for its departure! As well 
might it be gravely stated that the escape of a prisoner 
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from gaol, ox of a bird from a cage^ will be confined to the 
open door, seeing that they could no more escape thxongh 
the bais than Topor ooiuld through the glass sides of the 
TesseL 

With referenoe to the alleged ^^aocnmulatiai of Ynpor 
over the surfiMs of the water^ and that in proqpoxtion aa 
this accumulajbbn increases, does the process of evapora- 
tion diminish." This is seriously open to doubt, seeing 
that as rapidly as the vapor rises it is diffused through the 
atmospheric mass^ whidi^ therefore, can never be siurcharged 
directly over the water. 

The true cause of the diminuti(xi an quantity c£ vapor 
escaping in jw^n times^ it will be seen, consista in the 
diminishing quantity contained in each successive sur&oe 
stratum in the water, as already explained. 

When we say that ^^ water evaporates" the expression is 
absolutely incorrect, unless we add-^^^m the farm and state 
of vapor J* This, however, involves the very change and 
question in dispute. 

It is, then, not atoms of liquid, but those of vapor, that 
go off: thus still raising the question-— Where was that 
vapor before its escape, and how was it formed? 

If the distinction between liquid and vapor atoms were 
merely verbal or unimportant, the incorrectness in the use 
of the terms would be equally so. 

When:, however, it practically involves the difference 
between attraction and diffusion^-^etween the vis viva of 
repulsion, and the vis inertia of quiescence, and the differ- 
ence between the states of positive and negative electricity, 
the error in terms becomes important in its results, and 
hence the confusion arising out of the conflicting theorieB 
which prevaiL Had the subject been rightly examined, we 
never could have had those imaginary distinctions and 
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inyolved hypotheses which we see enumerated by Fambour, 
and many others. 

In the illustration of his views of ^^ water evaporcUing" 
Thompson observes: — "Sea salt is obtained by allowing 
sea water to evaporate spontaneously^ till the salt separates 
in crystals/' With equal truth might it be said that the 
salt is obtained by allowing the brine in the pans in 
Cheshire to evaporate spontaneously; or in the distilling 
apparatus used in our steam vessels for obtedning fresh 
water; for it must be a matter of indifference, as r^ards 
the process, whdther |,the heat which produced the forma- 
tion of the vapor comes from the sun above, or from flame 
beneath, as shown in section on Vaporization, See back, 
page 42, figs. 1 and 2. 

For the purpose then of accuracy in terms, as conducive 
to accuracy in reasonmg, it would be well if experimenters 
would determine the true value of the terms, and with a 
more definite nomenclature give the world a correct 
explanation of the difference between vaporization and 
evaporation. If the question is to remain in its present 
unsatis&ctory state we may at once admit the two terms 
to be synonymous, and abandon the idea of heat being 
necessary to the formation of vapor, which, otherwise, is 
incompatible with the idea of evaporation going on at all 
times and temperatures, as Thomson observes, when he 
says: — ^'^Ice and snow are constantly emitting vapor, and 
diminishing in weight when surrounded by a dry atmos- 
phere." The Cyclopaedia further adds : — ^" The spontaneous 
evaporation of water, or that which is constantly going on 
from aU parts of the sur&ce of the globe, has always been 
an interesting phenomenon to the speculative philosopher,*' 
We have in fiict too tanch, of this speculation going on, 
while a few physical fe^ts, illustrative of Dalton's principle, 
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puts the whole in so intelligible a form as to reduce it to 
the simplest and most evident illustration. 

If then we look at vapor as the mere assemblage of indi- 
vidual atoms, as we do those of any other elastic fluid or 
gas, each atom possessing its due equivalent of heat, and 
exercising its properties of force, repulsion, and pressure, 
in the ratio of number or quantity, and the space occupied, 
independent of the medium in which they may be placed, 
there can be no toom for speculation. 

With reference to the continued process of evaporation, 
meaning the unremitting escape of vapor atoms from 
water, it is only necessary to consider, that vapor atoms, 
individually, being specifically lighter than those of water 
or air, must always be under the influence of their prop- 
erty of buoyancy, whatever may be the medium in which 
they may happen to be. In proof of this we have only to 
place an open vessel on the scale of a well-adjusted beam, 
and it will be found continuously, night and day, to be 
reduced in weight by the escape of its vapor — ^die heat 
continuously passing away with the vapor, and being as 
continuously restored, and new atoms of vapor formed, if 
the surrounding temperature be a single degree in advance. 
Thus the temperature, in the water, will always be sus- 
tained, and evaporation always going on: for, although the 
weight of a body of water will be continuously reduced by 
the escape of the vapor, the temperature will continue 
equal to that of the surrounding air. 

If the temperature be about 65^, and the surface of the 
Water be that of a common saucer, the loss of weight will 
be about three to five grains every hour. Should the 
temperature of the room be increased, the quantity evap- 
orated will, of course, be increased, because more vapor 
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will continuously be fcxrmed in the water» and each gbatom 
mil, consequendy^ contain a greater number oi atoma. 

Professor Graham also devotea a special paper (toL L 
page 90) to ^'the diffusion of vapor into the aix, oi spoa^ 
taneous evaporation." 

On this he observes^ ''We are ind^ited to Dattoa foe 
tibie discovery that the evaporation of water has the same 
Umit in airj as in a vacuum. Indeed the quantity of vapot 
which can rise into a confined sjpace is the same, whether 
that space be a vacuum, or be already filled with air or 
gas in any state of condensation. Hence^ it is only 
necessary to know what quantity of vapc» risea into a 
vacuum at any particular temperature — the same quan- 
tity rises into the ain" 

It has already (see page 55) been observed, that aocord- 
ing to Dalton, ''gases miaed with water retain their 
elasticity or repulsive power amongst their own particles.^ 
just the same in water as out of it — the intervening 
water having no other influence, in this respect, than a 
mere vacuum.^^ 

How then can there remain any doubt either as to the 
existence of the vapor, an eLastic fluid, in the water, or its 
escape out of it into the air, at all temperaturesl The 
whole difBculty arises firom considering the rise of the 
vapor from the surface of the water, apart Jtom its previous 
existence in it. Of the &ct of the vapor rising out of the 
water there can be no more conclusive evidence than the 
physical test of its condensation* In tlub tiiere can be no 
deception-— our senses fiimish abscdute proo£ Fill aa 
open glass vessel with water, irrespective of its tempera- 
ture, and lay it on a dial or glass cup with some goU 
water in it (see page 47, fig. 6), and it will always exhibit 
by condensation, the vapor rising out of the water. 
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We might here dose the inquiry into the existing 
theories. We have, however, one other, and which, as 
being the most recent and unquestionably one of the 
highest authority, merits particular attention, although it 
will be found to present but a repetition of the same views, 
and, unfortunately, to leave the question in the same 
uncertainty. 

In a recent number of the new Encyclapadia Britannica^ 
in the article on Meteorology, by Sir John Herschel, there 
are some remarks on the subject of evaporation which 
here demand notice and a rigid inquiry. ^^ Water," he 
observes, " exposed to the air, evaporates at all tempera- 
tures.** This leaves the question in doubt, as to what it is 
that goes off. Is it atoms of vapor or of the liquid — water 1 
It cannot be the latter^ since, by their superior gravity, 
they could not rise into the air. It must then be the former^ 
and this involves the very point at issue, namely — ^the 
presence of already-formed vapor in the water. 

If this be not admitted, it then assumes the necessity 6f 
their formation by, and on their separation from, the 
liquid, and without further heat. 

Again: "If the air be already moist, evaporation is pro- 
portionably retarded, the force of the escape being the dif- 
ference between the elastic tensions of the generated vapor 
and of that already existing in the air." With the highest 
respect for this authority, it must be said that there is 
great obscurity in this passage. 

Here the escaping matter is distinctly called ^^gene^^ated 

' vapoT^^ yet we are left in doubt as to where the generation 

has taken place, and thus still embarrassed between the 

two theories; either of the previous existence of this vapor 

in the water, which, as D^ton states, acts the part of a 

14 
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vacuum, or of its being generated only on its rising into 
the colder air. 

Again, Herschel says, "Vapor is subject to the same law 
of diffusion as other gases, and, while maintained in the 
vaporous state, to all the other laws of gaseous statics and 
dynamics." It is here worthy of special notice, that while 
this identity of vapor with all other gases is recognized by 
all writers, and thus acknowledged by Herschel himself^ 
yet, when brought to the test of practice, it \s invariably 
ignored. The properties of gases, for instance, in their 
relation to water, and when mixed with it, are accurately 
described by Dalton, showing distinctly how the water 
merely acts the part of a vacuum, the condition of their mix- 
ture being purely mechanical^ and not chemical. Yet no- 
where do we find this recognized in practice. Itis impossible 
to describe this identity of vapor and other gases in more 
decided terms than in the above extract: yet, to suppose 
that vapor would give out its heat to water, would clearly 
imply a chemical and not a mere mechanical action.* It 
is also clear that Herschel had some misgivings on the 
subject when he says, "Vapor is subject to the same law 
of diffusion as other gases and while maintained in the 
vaporous stated etc. This appears to be an unmeaning 
distinction. When not in the vaporous state, it is clearly 
not vapor; no more than carbonic acid would be gas when 

* *'It appears to me fsaTS Dalton) as oompletelj demonstrated as any 
physical principle, that wheneTer any two or more gases or vapon are put 
together, into limited or unlimited space, they will finally be arranged, each 
as if it occupied the whole space.** Again, *'A11 gases that enter water and 
other liquids by means of pressure, and wholly disengaged again by the 
removal of that pressure, are mechanically mixed with the liquid, and not 
chemically with it. Oases, so mixed with water, retain their elasticity or 
repulsive power amongst their own particles just the same in water as out 
of it ; the intervening water having no other influence, in this respect, than a 
mere vacuum,*' 
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condensed in the state of a liquid. 
On the whole we see how fiur we 
are from having correct or accu- 
rately defined ideas on the sub- 
ject. The law of diffusion, while 
it expresses the main character- 
istic of elastic, in opposition to 
non-elastic fluids, demands a fur- 
ther inquiry as regards its prac- 
tical application. 

In reference to evaporation, 
and to illustrate this law, and 
that it may, as Dalton says, ^^be 
visibly depicted to the external 
senses," let the stars in A repre- 
sent the vapor in the water, in 
an open vessel, at an indicated 
temperature of, say 200°. Let 
B represent the same after 
evaporation has reduced that 
temperature to 150°, and C, on 
a further reduction to 100°. 

We here see, imder the influ- 
ence of diffusion, and by virtue 
of the mutually-repellant prop- 
erty which the atoms severally 
exercise, the vapor, so to speak, 
fJling the vessel; the atoms, in 
the express words of Dalton, 
" enlarging the distances of the 
centres of their particles; or, 
which is the same thing — the 
diameters of the spheres of in- 
fluence of each particle." 
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If, then, we suppose the upper line of stars to represent 
the surface stratum of vapor atoms in the water, and 
where they would he in contact with the air above them, 
these, like so many balloons, and by the mere effect of 
buoyancy, will rise, impeded alone by the pressure of the 
superincumbent atmosphere. 

On the escape of this upper stratum of vapor atoms, and 
consequently, of the heat each respectively contained, with 
the continuing process of diffusion, the remainder being 
fewer in number, will have their respective distances stiU 
fhrther enlarged, and still produce a homogeneous state, 
as to temperature, as shown in B. The same process will 
necessarily produce similar results, as shown in C. 

We have here, then, a continuing harmony between the 
loss of vapor, and the loss of temperature, indicative of a 
corresponding harmony between the weight and heat of 
each evaporating atom. Thus, and confirmatory of theory, 
we are enabled, by observation and logical induction, to 
arrive at the niost accurate results, establishing a positive 
law, namely, that as each atom of vapor has its equivalent 
unit of heat, an increase, or diminution in number of the 
one, must have its correlative in a commensurate increase 
or diminution of the other. 

A further result is necessarily deduced from this 
harmony of heat and quantity — ^namely, that of time. As 
the escape of this surface stratum of vapor leaves a smaller 
gross quantity behind, so each successive sur&ce stratum 
wiU contain a smaller number of atoms — the result being, 
that a commensurately longer time will be required in 
producing given amounts of evaporation, that is, given re- 
ductions in the gross weight of the body of water. Thus we 
see how the reduction of temperature must be the mere 
co-efficient of the loss of vapor. 
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Dalton made some accurate experiments on these points; 
his attention, however, was directed to the question of time 
rather than the corresponding diflferences in temperature 
and weight* Numerous experiments have since been 
made, but which need not be further enlarged on, all es- 
tablishing the fact, that the loss of weight, by evaporation, as 
it is the cause, so it must be commensurate with the loss 
of temperature — time alone being the varying incident 
in the process. 

A further cause of increase in the rate of evaporation 
will be the more rapid removal of the rising vapor. On this 
Herschel observes: — ^** Evaporation is accelerated by wind 
blowing over the evaporating surfece, which removes the 
generated vapor, as fast as it is produced.^^ Here again 
the main question is passed by, while the use of the terms 
generated and prodticed lead us to infer that this vapor had 
no existence until the moment of its escape from the 
water; that it was, in fact, generated or produced only on 
its rising into the air: a result which would be utterly 
inconsistent with the relation which heat bears to vapor, 
and inferring that vapor could be generated by the influ- 
ence of the colder atmosphere. We have, however, given 
abundant proofs of the absolute existence and presence of 
vapor, rising from the bottom to the surfece of a body 
of water from the very moment the heat is applied. 

Now, the direct and only eflfect of a current of air 
passing across the surface of the water is, the reducing the 

♦ " Water, freely exposed to the air, evaporates at aU temperaturee, even 
when in the state of snow or ioe. The rapidity of evaporation iSt however, 
mnoh increased by warmth. Thus, in a calm atmosphere Baltou fonnd that 
when, from a eertaln surface, the evaporation fronxboUikg water proo««<i«d 
at the rate of foVty grains per minute, it was 20 grains at a temp«'**^'® ^' 
ISOO, 13 grains at 1640, 10 g^^^^ ^^ 1320, and so on.''— H«r»c/iei'« Encyclo^ 
podia Britamtica* 
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pressure or weight of the superincumbent air, thus giving 
greater facility for the rise and escape of the successive 
surface atoms of vapor. It seems impossible then to resist 
the inference, that the vapor could not have been produced 
or generated at the moment of its escape, but must have 
previously existed in the water, and so diflFused as to 
produce the continuing homogeneous temperature through- 
out. Water, consequently, does not evaporate, but merely 
parts with its vapor. In feet, the water — ^the liquid mass 
— hfiB no direct action or influence on the process of 
evaporation, and is merely the denser medium in which, 
at the time, it happens to be; and which, acting the part 
of a vacuum, gives scope and capability for its diffusion. 

Herschel again observes: "Evaporation never takes 
place without the abstraction of heat from the evaporating 
surfece." This is but the enunciation of a mere truism. 
It would be as if it were gravely stated that- we cannot 
remove any portion of a body of water without an abstrac- 
tion of a commensurate weight: — heat being as much an 
element of vapor as weight is of water. It would then 
have been more correct in terms and fact, to have said, 
that evaporation, being but the escape of the vapor, so it 
necessarily must be that of the heat, which is the very 
element of its existence as vapor. 

Bepeating what may be called the "vulgar error," he 
adds: "Evaporation is that process by which liquids gradu- 
ally assume the gaseous formj or, by which an invisible 
vapor is continually detached from the surface of the 
water." Strange that it did not occur to him to ask where 
this "invisible vapor" came from, and how it was formed. 

That liquids can assume the gaseous form by evapora- 
tion is in truth a grave error; and coming from so high an 
authority, may well be pleaded in justification by writers 
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of a lower standing. It is only necessary to say, that 
liquid atoms can alone assume the gaseous form when, 
and where, they receive those equivalents of heat by 
which they acquire that diflFusive and mutually-repelling 
property which is their characteristic element. 

From the numerous extracts here made, it is evident 
that due consideration has not been given to the impor- 
tant distinction between vaporization and evaporation; 
and that how and where this " invisible vapor" is actually 
formed, remain unsettled problems in chemistry. Why 
this should have so long continued to be so, can only be 
accounted for by our unwillingness to investigate for our- 
selves, and the habit of adopting the views of those who 
have gone before us, without question or inquiry, and 
regardless of their oversights and errors. We cannot 
close this section more appropriately than by the follow- 
ing quotation, so much as it is to the point, and so de- 
scriptive of our progress in reference to the subject under 
consideration: "If we trace the history of any science, we 
shall find it a record of mistakes and miscanceptians ; a 
narrative of misdirected and often fruitless efforts. Yet, if 
amidst all these, the science has made a progress, the 
struggle through which it has passed, far from evincing 
that the human mind is prone to error rather than to 
truth, ftimishes a decisive proof to the contrary, and an 
illustration of the &ct, that in the actual condition of 
humanity, mistakes are the necessary instruments by which 
truth is brought to light, or, at least, indispensable condi- 
tions of the process," 



SECTION XII. 

ON BOILER EXPLOSIONS. 

NuKEROUS instances have occurred where explosions of 
hoilers have taken place on the steam-engine being set to 
work after an interval of rest. This circumstance has 
given rise to many speculations, and it certainly appears 
unaccountable that the very act of liberating tiie steam, 
and thus, as it were, relieving the boiler of a portion of its 
pressure, should be followed by a practical augmentation 
of it. It is manifest, therefore, that there must have been 
some direct, though hitherto unexplained cause for such 
increased pressure, when a diminished one might reason- 
ably have been expected. It is clear, also, that there must 
have been some rapid, and even sudden action, which is 
irreconcilable with a gradual generation of steam, and 
increase of heat. 

In explanation of this anomalous augmentation of 
pressure, several writers have assumed what they term 
a sudden ^^ flashing of the water into steam." This, how- 
ever, is so wholly opposed to the effect which characterizes 
the gradual addition of heat, and the progressive change 
from the liquid to the vaporous state, aa to be wholly 
inadmissible. It would imply some sudden action cm the 
part of the water, as a body or mass^ apart from its element 
tary particles^ and without any additional accession of 
hea];. Besides, the sudden flashing of water into steam, 
which means the sudden conversion of liquid into vapor^ is 
opposed to all known ideas of the nature of matter in the 
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liquid state, and that change of condition from attraction to 
repulsion among its particles which would be the necessary 
consequence of their becoming vaporous. 

Other writers are of opinion that when, on the opening 
of the valve, the steam is allowed to escape, an imdue 
agitation of the water is produced, by which it is dashed 
agsdnst the hotter portion of the famace plate, and more 
especially, if any part had been left uncovered by a neglect 
in the supply of feed water, assuming that a largely 
increased quantity of steam, with a corresponding increase 
of pressure, would be the result. 

This theory is at once disposed of by the feet that explo- 
sions are equally attendant on an overcharge^ as an under^ 
charge to water, and that it attributes results on the largest 
scale to comparatively insignificant causes — a maaimum 
of effect from a minimMm of power. 

A detail of the supposed causes of the sudden production 
of large quantities of steam, and consequent explosions, 
with numerous well-selected cases, was given a year or two 
ago in a series of papers in the London Engineer. It is 
unnecessary, therefore, here to do more than briefly enu- 
merate the leading heads under which those causes maybe 
arranged, viz., first, "electricity;'* second, "decomposed 
steam;" third, "overpressure;" fourth, "explosions at 
ordinary pressure;" fifth, "the momentum of combined 
steam and water." This last is examined in reference to 
a statement made in a letter from Mr. D. K. Clark, and 
which is given in extenso below.* 

* '< To tAe Editon of the Mechanics* Magazine. 

*<11 Adam Street, Adelphi, London,* February 9t1i, I860. 

''GKHTLBKBir: — I have within the last few months given some attention to 
the subject of boiler explosions, their oanses, and their rational; I observe 
in the disonssions that have appeared in oontemporary pap^'^) ^^^^ ^^ P^' 
eutsive force <^tteam suddenly dieengaged fiom Aeated wQi^ ^ ^ botler, aotlng 
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Let US now consider this subject practically. In section 
6, on Ebullition, and 8, on the Presence of Steam in 
Water, it has been shown that so soon as the water has 
become saturated with steam, and the temperature of 212®, 
or thereabouts, has been reached, an uniformity, both of 
temperature and pressure, begins to preyail, and continues^ 
both above and below the water level, indicating an uni- 
formity in quantity of steam in both places. In other 
words, that each cubic inch of space in the boiler contains 
the same quantity of steam. The annexed figures will 
sufficiently illustrate this. 

Let Fig. 40 be an open vessel half filled with water, 

having two thermometers 
suspended in it, the bulb 
of the one being below the 
water level, and that of the 
other above it. On heat be- 
ing applied from beneath, 
steam will be generated and 
2120 become diffused through the 
water imtil the point of sat- 
uration and the temperature 



\ 


/ 
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Fig. 40. 









againBt the material of the boiler, is adduced in explanation, and as the 
oanse of the peculiar violence of the result of explosion. Now, a little cal- 
culation would show that the percussive force of steam is not capable of 
such destructive results as are occasionally produced ; and I beg to suggest 
that the sudden dispersion and projection of the water in the boiler against 
the bounding surfaces of the boiler is the great cause of the violenoe of 
the resulU : the dispeniam being caused by the momentary geMratum<f$team 
throughout the mass of water, and its efforts to escape. ^ 

'* It carries the water «before it, and the combined momentum of the steam 
and the water carries them like shot through, and amongst, the bounding 
surfaces, and deforms, or shatters, them in a manner not to be accounted for 
by simple over-pressure, or by the simple momentum of steam. 

'< Tour obedient servant, 

«*D.K. CLARK." 
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Fig. 41. 



of 212^ has been reached; the thermometer above the 
water, as presently will be shown, varying according to 
circumstances. 

Let Fig. 41 represent the vessel covered and steam-tight, 
and the heat further applied. 
In this case the chamber 
above the water line will 2120 , 
become equally filled with 
steam, and both thermome- 
ters will then stand at 212®, 
as there marked, the dots 
representing the steam 2120 < 
atoms below, as the stars 
do those above the water 
line. 

Let Fig. 42 represent the 
same vessel under a further 2200^ 
application of heat, and 
when an accumulation of 
steam will continuously and 
uniformly take place, both 
in and above the water, as 2200 - 
there shown by the increased 
and corresponding number 
of dots and stars in both places. In this case, then, we 
have a continuing uniformity of quantity, temperature, 
and pressure — say at 220°, or any higher degree, as the 
heat may be applied. 

Let us now practically test these three states by the foU 
lowing experiments. In illustration of Fig. 40, heat was 
applied under an open vessel half-filled with water, and 
having two thermometers in it, the one in the water and 
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the other one inch above it. The following was the result 
(fiiactions of minutes or degrees of heat not being noted): 
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We here see that from the moment the heat was jipplied, 
there was an unremitting evaporation, or escape of steam, 
from the water into the air above it, and indicated by the 
thermometer, as noted in column 2. 

On the temperature reaching 212^, the state of the water 
and steam in it may be taken as represented in Fig. 40, 
and as being at the point of saturation. 

The next experiment in illustration of Fig. 41 was made 
in a steam-tight vessel— one of those described at page 182, 
Fig. 36 — the vessel with two thermometers being half- 
filled with water. The following were the results: 
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line the steam rising out of the water into the close 
chamber above tf, with the consequent increase of tempera- 
ture, followed close on that of the steam in the water. 
This was what might have been expected; the steam, 
however, being generated in the water, and then passing 
into the space above it, must necessarily take the lead in 
quantity in the former. Nevertheless, its escape is so 
rapid, that it is throughout but a few degrees less in quan- 
tity than in the water itself. 

This experiment illustrates what is represented in Fig. 
41, the points below and the stars above being equally 
numerous in both places, and indicating an uniformity of 
temperature when at the hoiUng point under atmospheric 
pressure. 

In both these experiments we ^^^^ ^^ unquestionable 
refutation of the prevailing thwitY ^^ ^^ steam being only 
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generated at the boiling point. Were that theory correct, 
the temperature in the space above the water line could 
not have been affected, but which was occasioned solely 
by the formation and escape of the steam, and which we 
see took place from the moment the heat was applied. 

The third experiment in illustration of Fig. 42 was a 
mere continuation of the heat, with a further increase of 
Bteam and temperature — ^both thermometers indicating a 
continued uniformity of quantity, temperature, and pres- 
sure. 

These experiments are so easily made, and withal so 
reliable, that it is a matter of surprise they have not been 
repeated or commented on by writers before they commit 
themselves to the unexplainable theories we find recorded. 
Now, the thermometer, being so trustworthy a test both 
of temperature and pressure, furnishes a sufficient refuta- 
tion of those, here enumerated. No boiler, then, should 
be used without having one inserted in it, so as to pass 
into the water, where it will become a more reliable test 
than the ordinary mercurial pressure gauge. We have 
everywhere tables of the comparative temperature, force, 
and pressure of steam ; yet, strange to say, we find very 
little attention paid to them in practice. 

Let us now examine the subject with reference to the 
cause of the sudden increase of the pressure and risk of 
explosion. 

We must bear in mind that, although under the influ- 
ence of diffusion^ there will be throughout a homogeneous 
condition as to the quantity of steam present, that portion 
which is below the water line will be in a medium — the 
water — denser than that above it. The water and the 
space above it being thus distinct and separate media, may 
here be considered as separate chambers^ though still in 
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Fig. 43. 



free connection. If, then, the steam in that dense medium 
-—the water — ^be by any means liberated and passed into 
the lighter medium above it (these densities being as 830 
to 1), there would necessarily be a pro tanto increase in 
quantity, and consequently in pressure, in the latter. This 
difference would also be increased in proportion as the 
area above the water line would be less than that below it, 
as thus illustrated. 

Let Fig. 43 represent a five-pound botfle, with a cork 
festened down by wire, 
through which the cop- 
per tube Ay with the 
stop-cock J5, was intro- 
duced, a thermometer be- 
ing inserted through the 
cork, as here shown. On 
heat being applied from 
beneath, and the tem- 
perature raised to 214®, 
or above it, the stop-cock 
was opened. The result 
was an immediate dis- 
charge of the steam from 
the water medium into 
the space above it, ac- 
companied by the appear- 
ance of violent ebullition, 
forcing much of the water 
before it, and a conse* 
quent discharge of both, 
water and steam through, 
the tube, with a rapid 
depression of the tem- 
perature to 21 2^ (If two 
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thermometers were introduced, the bulb of the one being 
below the water line, and that of the other above it, both 
will be found simultaneously to Ml to 212^.) 

The experiment was then repeated, the quantity of 
water being so increased as to make the bottle nearly fvU. 
On the temperature being again raised above the boiling 
point, say to 218^, and the stop-cock, as before, opened, 
the result was a still more violent discharge of steam and 
water from below; a considerabe portion of the water, 
together with the steam, being forced out, and rising to 
the ceiling, descended as from a shower bath. 

We have here a miniature practical effect of what takes 
place in a boiler under similar circumstances, the violence 
of the action being increased in proportion as the area of 
the water space exceeds that above it* 

The necessary inference is that the risk of explosions is 
greatly increased by the increase of water in the boiler^ 
every cubic foot of which, beyond what is absolutely 
necessary for the generation of steam, being an additional 
source of danger, when there is any sudden liberation of 
the steam which it contains into the reduced space 
above it. 

Now, the determining the mere question as to the relative 
value of a large or small boiler, for an engine of any given 
power, on the score of efficiency or economy, is of itself 
worth the whole labor of the inquiry. Again, the determine 
ing, on sound, intelligible principles, the comparative 
value of the areas of space below and above the water line, 
is a matter of great practical importance. These are 
points, however, which receive no attention from those to 



* This experiment slionld not be made with di«tilled or filtered water, bnt 
with water containing its ordinary quantity of motes or foreign matter, that 
ebullition may take place. 
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whom the construction and details of boilers are usually 
entrusted. If even we ascend higher, and look to those 
at the head of the first engineering establishments in the 
kingdom, we find the same neglect of those chemical 
principles on which the perfect combustion of the fuel 
absolutely depends. Look, for instance, to the plan of the 
boilers of the Great Eastern^ designed by the late Mr. 
Brunei It is only necessary to say that we there find, on 
the one hand, the greatest and most palpable violation of 
aU natural and chemical laws, as regards effecting combus* 
tion and the generation of heat; and, on the other, the 
application of that heat in the generation of steam. Hie 
result is, not merely a lai^ and wasteful expenditure of 
fuel, but a serious impediment to the generation of steam 
by the presence of soot, which lines the interior of the 
tubes. 

In confirmation of the existence of steam below the #ater 
Une, it may be asked how otherwise it could be explained 
that the temperature, both in the water and in the chamber 
above it, should be so instantly and simultaneously re* 
duced? That the temperatureabove the water should be 
rapidly lowered to that of 212^ is at once understood, as 
the result of the escape of the steam ; but wholly unintelli 
gible, as regards the space below the water surf ace, except 
on the supposition that that space contained steam as wdl 
BB water. • 

If the heat had been absorbed by the water, still in 
the liquid state, this sudden depression of the tempera- 
ture could not possibly have taken place. It would be 
utterly opposed to all well known principles, as regards 
the transmission of heat between bodies, that either solids 
or liquids could be instantaneously deprived of their heats. 
The parting with the heat by one body, and its being 
16 



226 OK BOILBB SZFLOSIONS. 

taken up by another, must be prqgressivej the one giving 
oat heat only as the other can absorb it As well might 
we expect that one ton weight of iron or lead, at a high 
temperature, could part with its heat instantaneously to 
another, as that a ton of water, supposed to be merely 
heated, could instantaneously part with its iieat, and be 
reduced— say from 312° to 212^ 

The rapicUty with which the thermometer immersed in 
the water indicates a corresponding depression with that 
in the space abore it, ought, therefore, to convince us that 
it was not the water as a liquid mass that contained the 
heat, or acted on the thermometer, but the steam^ eadi 
{itom in its escape from the water medium carrying away 
its own heat In a word — ^that the cause of the indicated 
and simultaneous reduction of temperature was the same 
in both cases, namely, the escape of the steam which each 
contained. 

Steam may almost instantaneously be discharged from 
the water, and the temperature as instantly reduced to 
212°, the saturating point; whereas, mere heat^ supposing 
it had been absorbed by the water, could not possibly be 
so disposed o£ This single fact should be conclusive on 
the subject 

The violent movement which takes place in boilers 
where the engines have been set to work after a time of 
rest, though observed by so many, has never been satis&o- 
torily accounted for. On this a writer (see the Engineer 
of Jan. 20, 1860, page 40) observes: — "One great cause of 
boiler explosions is, that when the engines are standing 
the water in the boiler is not in motion, when under 
pressure [this is contrary to fact, as may be tested in the 
progress of the last experiment, Fig. 43], and under such 
circumstances it may become heated &r above the boiling 
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point; but as soon as the pressure is reduced in any way, 
as by starting the engines, the water is violently agitated^ 
producing a volume of steam which cannot escape, and an 
explosion follows as a matter of course." 

Here, the producing — that is, the generating — a volume 
rf steam is indirectly attributed to the removal of pressure, 
and directly to the agitation. There is no question that 
the water is violently agitated; the cause of this agitation, 
however, remains still unexplained, and is here altogether 
mistaken, such being solely the effect of the steam sud- 
denly escaping from the denser medium of the water, and 
consequently forcing, mechanically, the water before it, 
and out of the vessel In this case the writer has over- 
looked the anomaly of a liquid being converted into steam 
without any further increase of heat. 

Again, assuming that mere agitation had ^* produced the 
volume of steam," and mistaking the effect for the cause, 
he adds: "Were an agitator fitted in each boiler, to be kept 
in motion when the engines are standing, the cause of 
this explosion would be removed." Here the anomaly is 
still more apparent: for, if agitation caused the production 
of steam, it must be inferred that a continued agitation 
would render such production of steam continuous^ thus 
wholly ignoring the action and effect of heat. 

Looking, then, to the fact of the existence of steam in 
the body of the water, under the influence of the greater 
density of that medium, and its sudden liberation, the 
inferen^ is, that the danger is increased when the boiler 
is/trfZ of water ^ rather than when there is a deficiency. 
Many proofs of this might here be given. In one case 
an explosion took place in a flue land-boiler, and a life 
was lost At the inquest, engineers accounted for the 
explosion by assuming the water to have been allowed to 
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get too low. There was, however, abundant proof of the 
reverse. The over-pressure had caused the collapse and 
rupture of the flat flue at its largest and weakest point, 
immediately behind the bridge. The contents were forced, 
first against a mass of earthy matter behind the boiler, 
much of which it carried away with it, and then by a 
reverberatory action was driven to the front, where it 
forced down the yard wall, and then across a street thirty 
feet wide, covering with water and earthy matter the 
entire fronts of three houses opposite, each three stories 
high. Now, had the explosion been the result of an 
imperfect supply of water, none of these effects could possibly 
have taken place. As it was, the boiler must have been 
completely full, to have supplied such a quantity of water, 
and produce such effects. 

Explosions rarely take place in marine boilers, maioly 
because the water space is comparatively so much smaller 
than that appropriated to the steam, as adopted in land 
boilers. Nothing, however, is more frequent than a de- 
ficiency of water, and consequent injury to the crown and 
side plates of the furnaces. In such cases, the plates 
becoming overheated and softened, necessarily yield to the 
pressure, and bulge inwards. If the plates be laminated, 
or otherwise unsound, they crack and leak. In one case 
the crown plates of the three furnaces of a boiler all bulged 
downwards to a considerable extent on the first trial trip, 
from a defect of the feed-water supply. The plates, how- 
ever, being of good iron, the bulges formed regulaAcnrves; 
no leakings took place, and the boUer did good service for 
eight years. On being broken up, the bu%ed plates were 
found to be in no way deteriorated. 

So much has been said of the required attention on the 
part of engineers and stokers against the danger of a 
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deficient supply of water^ that they naturally ML mto the 
opposite error, and, as if to make assurance doubly sure, 
take good care there shall be enough, letting the feed 
supply go on, and thus providing against the possibility of 
any deficiency. In this respect they see no source of dan- 
ger from the glass gauges being full, and even without 
knowing the height at which the water may be in the 
boiler. 

In the case of the explosion on board the Great Eastern, 
there can be no doubt of the chimney casing having been 
full of water while the heat was continued and the outlet 
stop-cock dosed. Under such circumstances, and with* 
out regard to the temperature of the iron chimney, it be- 
came a mere question of hours, when the accumtUatitm of 
steam in the great body of water, and consequent increase 
of pressure, would cause explosion. 

It is also to be observed that the injury sustained by so 
many persons arose, not from contact with mere steam^ 
but with water, charged, as every inch of it was, with such 
an excess of steam as almost to give it the character of 
liquid fire. 

. We have here, then, a practical illustration of the im- 
portance of this inquiry, and of a correct understanding as 
to the mode in which the heat is applied, namely, whether, 
as is generally supposed, it is absorbed by the water in its 
liquid form, producing what is termed heated water, or, in 
the state of steam, diffused through the water, and conse- 
quently exerdsing its properties of expansion and pres- 
sure. 

Keeping in mind that the steam m the water was in a 
medium 830 times denser than that above it, if this so 
compressed steam be suddenly liberated and added to that 
in the latter, at the moment when a boiler may be charged 
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up to its power of resistance^ it will be manifest that it 
must give way, and in its weakest part, wherever that may 
be situated. . 

As already shown, the steam in the water, in excess of 
saturation^ may be dischaiged into the space above it, 
whereas it cannot reciprocate; once out of the wat», it 
cannot be returned, and the equilibrium of quantity, aris- 
ing from diffusion, be again restored. 
Let Fig. 44 represent a bottle containing, say 4 lbs. of 

water in A^ charged with 
Fig. 44. its saturating equivalent, 

or about eight ounces of 
steam, at the temperature 
of 212^, and with an ex- 
cess beyond that equal to 
a pressure of 10 lbs. above 
that of the atmosphere. 
Let B represent Hie space 
above the water, and indi- 
cating a corresponding 
pressure of 10 lbs. If then, 
by any means, this excess 
in ^ be suddenly liberated 
and disdiarged into J3, say, 
by a removal of the pres- 
sure, as when the engines 
are set to work, there will 
necessarily be a great and 
sudden increase in that 
space both in quantity and 
pressure. 
Now there are several circumstances which will suffice 
to cause this escape of steam from the dense medium of 
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the water into the lighter one abore it Not only the 
Temoval of the pressure, but even the introduction of cold 
water, as from the feed pipe, is found to cause such a sud- 
den grouping of the steam, as shown in the case of ebulli- 
tion, as will effect its discharge from the water, as shown 
at page 116, Fig. 23. 

Let us, then, suppose a boiler with a due supply of 
water, the thermometer indicating a temperature, botii in 
the water and above it, say at 250^, with a pressmre of 
two atmospheres, or 30 lbs. on each square inch. On the 
valves being opened and the engines set on, we can well 
conceive the rapidity and violence with which the steam 
would escape from the water into the space above it, and 
the consequences of such a sudden discharge, in the event 
of any part of the boiler being then at its maximum strain. 

Under such circumstances no valve could possibly be 
sufficient for the escape of both the steam and water thus 
suddenly requiring relief; and from what we see in the 
small case of the experiment before us, we can appreciate 
the violence with which the steam would rush from the 
dense medium of the water when relieved from a pressure 
of ^rhaps 100 lbs. to the square inch. In this sudden 
enlargement and effort to escape we see, then, abundant 
sources of danger. 

We know that the rapidity with which a balloon rises 
will be influenced by the density of the air medium at the 
earth's sur&ce, and the lighter medium in the upper 
regions of the atmosphere. So must it be when the steam 
atoms, or, as we may call them, balloons, by any sudden 
diminution of the pressure, are enabled to rise from the 
• water into the space above it. Those who may still be in- 
credulous as to the existence of steam in the water, let 
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them make the following eiq)eriment, and answer the fol- 
lowing queries. 
Let Fig. 45 repieBent a bottle, nearly filled with water 

up to A. Let iixe cork be 
pressed in so as to bear a 
pressure equal to a temperar 
ture of 220^, or thereabouts. 
Let the heat be applied uatfl 
the cork be forced out, which 
will be in a few minutes after 
boiling has comm^iced. On 
this ^tkm explosion taking 
place Qxe entire mass of 
water will be seen violently 
agitated by the sudden Ulh 
eration of its steam (the agi- 
tation beginning at the hot* 
torn), and its forcing he&xe 
italarge portion of the water, 
which will descend like a 
shower bath. It will then 
be found that nearly one* 
half the water will hare 
been forced out by the ao« 
tion of something. Let the operator then say what was it 
that drove the water out, and why the temperature was 
instantly reduced to 212^. He will be satisfied that noth- 
ing but the presence of steam, diffused through the water, 
could possibly have produced the explosion. 

Some experiments were lately made in America by the 
Franklin Institute, in which explosions in iron and copper 
vessels were intentionally made. In one case a leak or 
fracture had existed, through which the steam escaped 
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witii oanfiid»able &roe. It was then oonjectared that the ^ 
fiaeture had become suddenly enlarged, and which would 
be tantamount to a sudden opening of the engine yalves 
and dischaxge of the steam. This idea, although entitled 
to consideration, leaves us still unenlightened as to the 
cause of the ineieased pressure, in the &oe of a reduced 
quantity of steam. It will be seen, howerer, that it bears 
directly on the subject here referred to, namely, the sud- 
den liberation and consequent expansion of the steam from 
the water medium, at the moment there uhis a maocimum 
strain an the baUer. 

Dr. Ernst Alban, in his work on the high-pressure 
steam-engine (page 33), observes, in reference to the dis* 
proportion between the steam and water space: *^The great 
quantities of steam and water tend to produce frightful 
consequences in case of explosion; the former by its great 
pressure and sudden expansion, the latter by its instan^ 
taneous conversion into steam by the removal of the pres- 
sure, as all the free caloric beyond the boiling point is 
spontaneously applied to the formation of vapor.'' 

There are. here several capital errors. .1st. The assum- 
ing a great pressure of steam on the water^ whereas the 
pressure acts upwards equally as it does downwards — a 
&ct which the uniformity of temperature in both places 
should have pointed out. 2d. The assuming an instan^ 
taneous conversion of the water into steam by the removal 
of the pressure, which, however, relieves the steam in the 
water equally and simultaneously with that in the space 
above it. 

Again, there is really no ground for the supposed exist- 
ence of free caloric — ^that is, caloric uncombined or un- 
associated with the water in the state of vapor or steam. 
To suppose an instantaneous conversion of the water into 
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SECTION XIII. 

OF THE JET. 

The jet may, at first sight, appear to be of minor im- 
portance, and scarcely entitled to recognition as an agent 
for developing power. All think they know its character, 
and the cause of its action and efficiency. On examina- 
tion, however, it wiU be found to involve residts, both 
practically and dynamically, of the deepest interest To 
the jet belongs all that the increase of draft, and the con- 
sequent increase of combustion effect in the locomotive 
steam-engine. Although this is recognized by all engi- 
neers, yet none have examined the true cause of this 
prmum mobile in reference to railway speed. 

So important has been the result of the jet of waste 
8team in the chimney of the locomotive, that a contest of 
iriolence, and even acrimony, has long been carried on as 
to whom belongs the merit of its application at the time 
of the great rival contest on the opening df the Liverpool 
and Manchester BaUway, in which Stephenson carried the 
day, his success being solely the result of the introduction 
of the jet of waste steam in the chimney. Of the peculi- 
arity or cause of this result as a power, he was at the time 
wholly ignorant. Even to this day no one has yet given 
a correct scientific account of the true modus operandi by 
which the effect is realized. So little, indeed, was this 
known when first introduced into the Rocket engine, that 
the best mode of applying it, as regards area and position, 
was wholly undecided. All that was known, or considered 
requisite, was, that by throwing the waste steam from the 
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cylinders into the chimney, a great accession of draft was 
obtained, combustion accelerated, and a commensurate in- 
crease in the amount of steam generated. Subsequently, 
scientific men began to consider these points; the present 
position, however, of the jet at the base of the chimney, 
and the r^ulation of the sectional area of the jet, have 
been determmed by practice alone, and without reference 
to principle. 

From the use of the steam jet in the locomotive came 
its application in aid of the draft in marine boilers, where, 
of course, the benefit and effect of high chimneys, as 
adopted on land, cannot be available. Still, however, we 
shaU see how littie was known as to the principle on 
which the effidency of the jet depended. In* proof of this 
it may be mentioned that in a recent instance steam jets 
have been introduced into the chimneys of large vessels 
with so littie judgment, that not only is their effect to a 
great extent neutralized, but it is accompanied with an 
unnecessary waste of steam. This will hereafter be ex- 
plained and illustrated. 

With the view of illustrating the principle on which 
the efficiency of the jet depends, let us take the most 
&miliar instance, that produced by the common house 
bellows, used for urging combustion in our domestic 
'grates. We all imagine that the effect is produced by 
the air which actually passes through the bellows and 
issues through the nozzle. That this is not the case, and is 
but a popular error, may be proved by allowing no air to 
enter the fire but what absolutely passes through the bel- 
lows and its nozzle. On doing so we shall find that but 
little effect would be produced in urging the fire. The 
following experiment will sufficiently illustrate^ this &ct. 
Let A, Fig. 46, represent the nozzle of the bellows, and B 




fhe conical stream of air impelled through it* Now, if that 
truly represented all the air that entered the fire we should 
find the effect to be altogether insignificant. To prove 
this, let the stream of air be absolutely confined to that 
quantity, by placing on the nozzle the tin conical tube C, 
Fig. 47, this tube being about six or eight inches long. 

Kg. 47. 




On urging the bellows we shall be surprised at the com- 
parative insufficiency of the blast. Whence, then^ it may 
be asked, is the additional supply obtained which makes 
the ordinary action of the blast so efficient % This may 
equally be made visible by placing on the nozzle, in place 
of the cone C, the cone D, Fig. 48, of the same size, but 

Fig. 48. 




made of the perforated zinc plate used for the window 
blinds, or a tin cone perforated with numerous holes, each 
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of about one-eighth of an inch in widths If the bellows 
be then worked, strong currents of air will be found rush- 
ing into the cone through the numerous holes, and which 
will be foimd sufficient to restore the action to its ordinary 
force and effect in urging the fire. On holding the flame 
of a lighted taper to the holes in the perforated zinc cone 
Fig. 48, it will show the air forcibly drawn in through 
them, thus accounting for the increased quantity entering 
the fire. This additional supply may be called the in- 
duced current, and on this will be found to depend the 
great value and effect produced by the jet, whether it be 
of steam, air, or water. 

The following will further illustrate the effect of the 
induced current 

Let Fig. 49 represent a tin cylindrical vessel about 6 




inches long and 3 inches diapieter. A is the mouth-piece 
through which the air may be blown from the lungs. B 
is a cone of the perforated zinc plate, fixed in, and passing 
through the cylinder. Cis an open space through which 
the air will enter to supply the induced current, to be 
drawn in through the perforations in the cone. On blow- 
ing smartly into the mouth-piece A^ and holding the 
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lighted taper above the open C, the flame will be rapidly 
deflected, as pointed out by the arrows, thus showing the 
great additional volume of air which was entering, in aid 
of that impelled through the mouth-piece. If^ however, 
the open space, C, be closed, the inefficiency of the blast 
will be strikingly evident. 

The following is a &miliar mode of showing the great 
amount of the induced current, as compared with what is 
suf^lied by the direct jet Let Ay Fig. 50, represent a tin 




tube of 4 feet long and 3 inches diameter. If the nozzle 
of the bellows be presented to the end of this tube, as 
shown at B^ and the air be forced into it; on a lighted 
taper being held to its end, the direction of the flame will 
indicate the induced current entering the tube, as marked 
by the arrows. Now, to prove the inadequacy of the jet, 
when deprived of the induced currents, let the tin plate C, 
Fig. 51, be placed against the end of the tube, leaving a 

Pie. 61. 
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hole in the oentie of the plate rafficient §^r the mtrodac- 
tion of the nozde of the bellows. The result will be re- 
markable, conveying the effect of an almost want of power 
in the action of the bellows. This will be the more appa- 
rent if we hold a taper at the farther end of the tube, or a 
distance from it, to indicate the force of the blast. 

The following axe additional illustrations of the reality 
and importance of the induced current of air. We are all 
familiar with the boys' experiment of balancing a pea m 
the air by blowing through the stem of a tobacco pipe. 
Thus let Aj Fig. 52, represent the pipe stem held verti- 
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Fig. 53. 



Fig. 54. 



cally, and C the pea. On blowing through the pipe (the 
pea having been first balanced on its end)^ it will be forced 
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upwards, and sustained in the air several inches above it, 
as shown in the figure. In this case, no one doubts that 
the pea is not only projected into the air, but held in its 
position by the force of the jet and breath from the lungs; 
yet such is not the fact. The experiment will be more 
effective if made on a larger scale, thus: Let A^ Figs. 53 
and 54, represent the mouth-piece of a tin tube, having 
an orifice for the exit of the air of about one-eighth of an 
inch. If, then, holding the tube vertically, we place on 
its upper end the round cork ball C, of about f or 1 inch 
diameter, the blast issuing from the lungs will project it 
10 or 12 inches into the air, as shown in the figure. 

Here, as in the case of the pea, it would be thought 
that the cork baU was sustained in its position by the sole 
force of the jet of air. So long as the jet is forced verti- 
cally upwards, there might be reasonable grounds for attrib- 
uting the sustained position of the ball to the mere force 
of the jet. When, however, the ball is projected at a con- 
siderable angle as in Fig. 55, it is manifest there must be 
some other force in operation which prevents its falling 
over, as the ball could not be sustained at such an angle 
by the mere jet, since it must either be projected as a ball 
from a cannon, or it must fall downwards by virtue of its 
gravity. The induced current, however, illustrated in 
Figs. 54 and 55, then comes in aid of its support on what- 
ever side it may be projected, sustaining its inclined posi- 
tion as shown by the arrows. This is further evident by 
observing, that as the intermittent current of the blast 
varies, the ball will return at a corresponding angle to the 
orifice from which it had been propelled. 

Again, if the preventer tube i>. Fig. 56, be placed on 
the mouth-piece, the efiect of the jet will be so reduced as 
to be scarcely sufficient to move the ball 
16 
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Fig. 55. 



Fig. 56. 




In further illustration of the value of the induced cur- 
rent, let the experiment be made with steam instead of air. 
Let Fig. 67 represent a jet of steam, say at 10 lbs, pres- 

Fig. 57. 




sure, issuing at A from a tube of an orifice of 1-lOth of an 
inch. The steam will then be projected to a distance of 
3 to 4 feet. Let Fig. 58 represent the same jet with the 
preventor tin cone B placed on it, as in former experi- 
ments by which the approach of any induced current wHl 




be prevented. The result will be, that the force will be 
insignificant, the steam having apparently lost its force, as 
shown at C. If then, as before, we remove the preventor 
cone and replace it with one of the perforated zinc, the 
force of the let will appear to be restored as in Fig. 59, 



Fig. 69. 




where, if the flame of a taper be held over the orifices, it 
will be drawn into them to supply the induced current, as 
shown when the jet was made with air. 

The value of the induced current b fully exemplified in 
the jets of the ordinary Argand gas-burner, as also in the 
common blowpipe. In this latter case, if the pipe be used 
from the lungs, it is manifest it could have no value in 
promoting combustion, since, the carbonic acid and vapor 
issuing from it could not increase, or even sustain the 
combustion by which such powerful and Intense heat is 
produced. We have, then, no alternative, but to attribute 
the generation of that heat to the pure air drawn in by the 
induced current. « 

Where jets are employed in aid of the natural draught 
of chimneys, whether they be of steam or air, there must 
ever be preserved a given relation between the sectional 
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area of the jets, the distance at which they are apart, and 
the pressure or force by which they are produced. Thus, 
let -4, Kg. 60, represent two jets of steam from two orifices 




placed one inch apart. In such case they will meet, iay 
at B. Here it is manifest they so far interfere with each 
other as, in a considerable degree to neutralize their respec- 
tive induced currents. Let, however, the two jets be placed 
at a greater distance apart, as shown in Fig. 61 ; each will 



Fig. 61. 




then obtain a longer range for the action ot the induced 
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currents. These facts are practically of great importance 
when jets are applied in aid of the chimney draft in marine 
boilers, where, from the disadvantage of short chimneys, the 
draft is rarely sufficient, and too often produced by an enor- 
mous waste of heat in producing a hot chimney, where 
a hiffh one cannot be obtained. 

Finding that in many cases steam-boilers were practically 
deficient in draught for the combustion of the gas in the 
furnace-chamber, although an adequate number of orifices 
had been furnished, it became a question why the plan 
adopted at Newcastle, for instance, and which was pro* 
nounced as ^^ practicalli/ 'perfect^^^ should fail in other 
cases. Many engineers asserted that they had tried the 
perforated air-distributors used at Newcastle, but had 
found them insufficient in effecting combustion and pre- 
venting the generation of smoke. None, however, had 
stated whether they had inquired if the due quantity, or 
indeed any quantity, had actually passed through the 
orifices so provided, an omission which at least indicated 
an unaccountable indifference as to the result. This was 
the more inexcusable when coupled with the fact, that 
the furnaces were so long, and the quantity of fuel used 
so great, that the throat, or passage over the bridge, was 
wholly inadequate, without taking into account the 
increased quantity of air that would otherwise have passed 
through the perforated plates, thus producing what is 
called a hack draughty the flame actually going the wrong 
way, and issuing^ in strong jets at the doorway, where the 
fresh air should have been introduced. Under such cir- 
cumstances it was manifest the perforations for the intro- 
duction of the air could be of no practical value, and hence 
the cause of the alleged failures. The principle, however, 
having succeeded in so many, or even a single instance, 
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should have been conclusive that it was not erroneous, but 
that the &ilure must have been the result of either an 
insufficient apparatus or imperfect manipulation. On 
inquiry it was found that, although the requisite number 
of orifices and adequate area had been provided, the actual 
quantity of air passing through them, when tested, was 
wholly inadequate; a fkct that had not been suspected, the 
admission of the air being assumed to be the necessary 
result of the providing the orifices. This was the case in 
many of the vessels of the Dublin and other steam com- 
panies. The deficiency in the supply of air was then 
ascertained to be caused either by the absence of a sufficient 
natural draught, or the generation of so large a volume 
of gas in the furnaces, by reason of their great length and 
consequent great superficial area, as to be fiur in excess of 
what could be supplied by the perforated plates by the 
natural draught alone. The only alternatives then were, 
either to shorten the length of the grate area, or increase 
the draught by mechanical means. Trials were made 
several years back for effecting this latter object, as recom- 
mended by Peclet, in France, by the fan-blast. To this 
many practical objections presented themselves, as re- 
garded marine steamers. The use of the steam jet and the 
induced current of air was then adopted, in many instances 
with decided success. By some, reliance was placed on 
the assumed value of the steam injected, under the errone- 
ous impression that it became decomposed, and as such 
produced a new element of combustion. This was the 
case with Iveson, who, by his patent, injected a current of 
steam into the furnace-chamber above the fuel, and which 
plan was adopted by Iveson himself in the Bank of 
England printing department, under the late John Oldham ; 
but was found practically inoperative. Had he known the 
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value of the induced current of the air, aJ9 the necessary 
accompaniment of the steam-jet, he would have placed 
the nozzle of the jet on the outside instead of the inside 
of the furnace. Some years back the use of the jets had 
been introduced into several steam vessels where the 
natural draught was insufficient, and which is almost 
generally the case in marine boilers, from the difficulty of 
bringing a sufficiency of cold air into the stoke-room, 
particularly where that is unduly heated. On this head 
engineers imagine the draught to be sufficient when they 
find the current of air by the ash-pit appears adequate to 
the urging the fire on the bars, altogether omitting, or 
forgetting, the large quantity required for the combustion 
of the gases in the chamber of the furnace, which they 
take no pains to supply. 

In such cases, the mechanical use of the jet, either of 
steam or air, will be found to be an adequate remedy. 
The success, however, of the jet will exclusively depend on 
giving ample scope for the action of the induced current. 
In the application by Mr. D. K. Clark of the steam jets in 
the introduction of air for the combustion of the gas in 
the fire-box of coal-burning locomotives, the good effect 
must be derived exclusively from . the induced current, 
seeing that the steam could not have any influence in 
promoting combustion. 

It has already been observed that it is of the last import- 
ance to preserve a due relation between the sectional area 
of the jets and their distances respectively from each other* 
This hna lately been brought to so practical a test as here 
to merit notice. The following is a forcible illustration 
of it : — 

In a large steamer, lately built at Liverpool, a series of 
jets were introduced into the chimney in aid of the draught. 
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on the supposed principle which produces such efficiency 
in the locomotive. In the centre of the chimney, a short 
distance above the boiler, a 2| inch tube, forming a circle 
of 2 feet diameter, was introduced. In this were drilled 
60 orifices, each of ^ inch area. Through these the steam 
issued continuously, in a vertical direction. Fig. 62 repre- 
sents a plan of this circular tube, the jets being but one 
inch apart That such an arrangement was made without 
a due consideration of the nature of the jet, or the principle 
on which its efficiency depends, will be manifest from the 
following. 

Under the conviction that the several jets were so near 
each other that to a considerable extent they must have 
neutralized the action and effect of each respectively, an 
apparatus of the same dimensions was made and inserted 
in a tube representing the chimney. The air-meter, here- 
» after described, was attached so that the entire quantity 
of air brought in had to pass through it. As no other 
access of air was possible, the movements of the meter- 
vane gave a true measure of the quantity obtained in aid 
of the natural draught. The following experiments which 
were then made, will sufficiently explain the importance 
of considering the relative position of the several jets, and 
the value of this meter test. 

In the first experiment, the 60.. quarter-inch orifices, 
one inch apart, were all open, the pressure of steam in the 
boiler being 7 lbs., and which pressure was continued 
throughout, as shown in the table annexed. The steam 
having been let in, and a due time allowed for the whole 
to be thoroughly heated, the number of revolutions of the 
meter were accurately noted. In this case the revolutions 
wero 540 per minute, and this may be taken as evidence 
of 540 cubic feet of air brought in aid of the draught. 
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Fig. 6. 



Kg. 6. 



Fig. 64. 
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In the second experiment, each alternate orifice was 
plugged up, thus reducing the number of jets in action 
from 60 to 30, and increasing their distances apart from 
one to two inches — ^necessarily with a saving of one-half 
the expenditure of steam. The result was, an increase in 
the number of revolutions of the meter (or cubic feet of 
air, per minute) from 540 to 625, as noted in the table 
(page 251), being a gain of 17 per cent, in the effective 
chimney draft, with but one-half the expenditure of steam. 
Fig. 63 represents the reduced number of jets, and their 
increased distances apart. 

In the third experiment, a further reduction in the 
number of orifices and jets was made, as shown in Kg. 64, 
their distances being then three inches apart The result 
was a further increase of revolution and cubic feet of air 
passing, ficom 625 to 745, or a further gain of 19 per cent., 
vrith a commensurate saving of steam. • 

Thus, the increased effect produced solely by placing 
the jets further apart, say from one to three inches, and 
thus allowing the several induced currents of air a more 
lengthened scope for action, was, an increase of draft from 
540 to 745 cubic feet per minute, or a gain of 35 per 
cent., with a saving of two-thirds the quantity of steam. It 
is needless to dwell on the value of this source of economy. 

The next series of experiments with the air meter con- 
sisted in the reduction of the areas or size of the several 
orifices and jets of steam^ from one-fourth of an inch to 
one-eighth, and then to one-tenth of an inch. In each 
case, as shown in the table, the results were remarkable. 
We there see that 30 jets of even one-tenth of an inch 
sectional area, if placed at three inches apart were more 
effective than 60 jets of a quarter of an inch when placed 
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within one inch of each other, as was the case in the 
apparatus as originally constructed. 
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As regards the economy of steam, the inspection of the n 
last column in the table, giving the gross area for the 
exit of the steam in each experiment, is sufficiently ex- 
pressive. This needs no comment. Here we have prac- 
tical results arising firom a just appreciation of the prin- 
ciple on which the efficiency of the jet depends, in oppo- 
sition to the mere random application of a most useful 
power in aid of the natural draft in chimneys. 

By the use of the meter we come so near to the abso- 
lute quantity of air introduced that it practically satisfies all 
that may be required. The meter employed in the above 
experiments is shown at Fig. 65, being copied from a 
photograph of the actual machine. It will be seen that it 
consists of an ordinary circular vane, through which the 
air has to pass during the operation, producing motion like 
that of a windmill, increasing in rapidity in proportion to 
the strength of the current passing through it This cir- 
cular motion of the vane is transferred to a series of dials^ 
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similar to those of tlie ordinary domestic gas meter. The 
number of revolutions of the vane are then trtdy recorded 
in units, tens, hundreds, etc., up to 100,000, thus enabling 
an experiment to be continued during above 100 minutes. 
The vane is eighteen inches in diameter, and having ascer- 
tained by a measured cylinder, after a due adjustment of 
the leaves, that the quantity passed during a given num- 
ber of revolutions was equal to one cubic foot for each 
revolution, it was taken as a sufficiently reliable datum for 
calculating quantities. The number given by the index 
dials, then, will represent the number of cubic feet that 
have entered a furnace or been drawn out^ as the case may 
be, or have escaped by the chimney, under the different 
circumstances of high or low temperature, with partial or 
complete combustion. 

The vane is hung with such delicacy, and is so easily 
set in motion, that the loss by friction of the madiine 
need scarcely be taken into account. 
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By the use of this apparatus numerous practical errors 
have been corrected toudiii^ the relative quantities of air 
required first for the combustion of the coke portion of the 
coal resting on the bars in the furnace, and passing 
through the ash-pit; and, secondly, the quantity required 
for the combustion of the pas portion in the chamber, the 
appearance of smoke giving unquestionable proof that the 
requisite amount of air had not been introduced. 

Of the value of the jet system, and the importaut ser- 
vice it may be enabled to perform, it is important to con- 
sider the insufficiency of the natural draught in reference 
to the quantity of air required in large boiler Aimaces, 
and in eflfecting perfect combustion. For this purpose it 
must be borne in mind, that the quantity of air absolutely 
required for the combustion of the gas portion alone of 
bituminous coal — as, for instance, the Newcastle — ^is at 
least one-half that required for the coke, or solid portion 
of the same. In a word, if the coke of a ton of coal requires 
200,000 cubic feet of atmospheric air, the gas of the same 
ton weight will require 100,000 cubic feet — a fact but little 
thought of by boiler-makers, yet without this full equiva- 
lent of air much of the gas portion is not only wasted, but, 
by its conversion into smoke and soot, seriously impedes 
the action of the boiler, and in particular the tube portion 
of it. This latter, or 100,000 cubic feet, must be supplied 
to, and mixed with, the gas generated above the fuel, in the 
chamber of the furnace; while the 200,000 cubic feet have 
to be supplied by the ash-pit j and pass up through the solid 
fuel on the bars. 

Now, where the heat-absorbing sur&ce is well applied 
in the generation of steam (which is rarely the case) in 
marine boilers, the natural draught is invariably deficient. 
Here, then, we have, by the aid of an artificial draught. 
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through the medium of the jet system, tiie direct means of 
effecting the perfect combustion of the whole of the com- 
bustible portion of the coaL That this is imperfectly un- 
derstood, or but little thought o^ by those who construct 
such boilers, we have an absolute proof in the generation 
and evolution of that mischievous nuisance, the dense 
volume of smoke, which characterizes all steam marine 
boilers, using bituminous coaL 

Finally, we may conclude that the efiSdency of the jet 
system depends mainly, if not exclusively, on the amount 
of induced current, combined with a judicious arrange- 
ment of the several jets, keeping them in harmony with 
the area of exit of each, the pressure to which it is subject, 
and the space or freedom allowed for the several induced 
currents to exercise their maximum effect 
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KEMARKS ON THE MODE OF EFFECTING THE 
COMBUSTION OF COAL IN FUENACES. 



The following Testimonials, from high chemical autho- 
rities, have been selected from a number of others to the 
same import, and are here given in the order in which 
they were received and read by the author, in his Course 
of Lectures, at the Literary and Scientific Institution, 
Liverpool 

BEMARKS BY MR BRANDE. 

Royal Mint, London, 26ih November, 1840. 
Mt Dear Sib: I am convinced that you are not only 
practically, but theoretically and scientifically, right in 
regard to the general views put forth in your Essay on 
the Combustion of Coal and the Prevention of Smoke. I 
have long advocated the principles which you have adopted, 
and have annually illustrated them in my lectures in the 
Royal Institution; but it unfortunately so happens that, 
when scientific men urge new views, or suggest the prac* 
tical adoption of rational theories, they are neglected, be* 
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cause it is presamed they are merely founded on tmsub- 
stantial hypotheses; and, on the other hand, when pr(uy 
tical men attempt to found improvement on scientific 
principles, they are sneered at as dabblers in science; and 
so, both become disheartened and disgusted, and the only 
people who are temporarily successAil are ^acks^ who, 
pretending to what is called originality, and, neither refer- 
ring to practice or science, steal from both; but, deficient 
in all knowledge of their 0¥m, ultimately mislead their 
followers, and, like the alchemists of old, not unfirequently 
deceive themselves. 

Under these circumstanced, it is really refreshing to find 
a person of your experience willing and able to blend prac- 
tice with science and theory; and I have no hesitation in 
saying, that the views promulgated in your Essay are sub- 
stantially founded upon just and scientific principles. 

When the unbumed hydrocarbons, which are produced 
during what is commonly called the cambusHan^ but which, 
in reality, is principally the destructive distiUatian of coal 
in our ordinary steam-boiler furnaces, gradually mix with 
the air, they assume the form of what is called unin- 
flammable smoke; but if they be examined immediately 
fter they leave the fuel and be/ore they have blended with 
excess of cold air in the chimney shaft, they are found to 
be highly inflammable and rich in carbon. At this paint 
it is that you judiciously admit the jets of air; and in so 
doing, every jet which enters the inflammable atmosphere 
within the flues becomes, as it were, the centre of combus- 
tion, and tends to increase the heat by burning and de- 
stroying that hydrocarbon which otherwise would go on 
to produce worse than useless smoke. 

When air is admitted in a body to fuel, it never can 
effect those useful purposes which are obtained by admit- 
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ting it in due proportion to the intensely-heated inflam** 
mable vapors and gases; or, in other words, to the pro- 
ducts of the distillation of coal at such temperature that 
they may take fire in its contact. In this way each jet of 
air which you admit becomes, as it wete, the source or 
centre of a separate flame; and the effect is exactly that 
of so many jets of inflammable or coal gas ignited in the 
air; only, in your furnace, you invert this ordinary state of 
things, and use a jet of air thrown into an atmosphere of 
inflammable gas, thus making an experiment upon a large 
and practical, which I have often made on a small and 
theoretical, scale, in illustration of the inaccuracy of the 
common terms oi ^^ cof/Smstiby^ and ^^ supporter of cmbus^ 
tiony' as ordinarily applied. 

^ I fill a bladder with coal-gas, and attach it to a jet, by 
which I bum a flame of that gas in an atmosphere of, or 
a bell glass filled with, oxygen: of course, the gas bums 
brilliantly, and we call the gas the combustible, and the 
oxygen the supporter of combustion. If I now invert this 
common order of things, and fill the bladder with oxygen, 
and the bell glass with coal-gas, I find that the jet of 
oxygen may be inflamed in the atmosphere of coal-gas with 
exactly the same general phenomena as when the jet 
of coal-gas is inflamed in the atmosphere of oaygen. This 
is precisely your process. You admit a number of jets of 
air into a heated inflammable atmosphere, and so attain 
its combustion in such a way as to produce a great increase 
of heat, ^ and, as a necessary consequence, destroy the 
smoke. You, in fact, convert what is commonly called 
smoke into fuel, at the time when^ and the jUace where^ this 
combustion can be most effectively brought about 

I have now given you my candid opinion respecting 
your views of the phenomena of combustion and their ap- 
17 
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plication to the object proposed in your Essay. There are 
some of the minor points of which I cannot speak without 
fiirther consideration; but these do not, in any way, affect 
the main object of the inquiry in its practical bearings. 
I am always, my dear sir, sincerely yours, 
WILLIAM THOMAS BRANDE 
To Charles W. Williams, Esq. 
Dublin Steam Company, Liverpool 



KEMAKKS BY DR ANDREW URE, M.D., RRS. 

London, 13 Charlotte Street, 28th Nov., 1840. 

My Deab Sib: I have been perusing your treatise "On 
the Combustion of Coal and the Prevention of Smoke, 
Chemically and Practically considered," with extreme 
pleasure, and shall be able, in the course of a few days 
hence, to write you more particularly my opinion as to 
the great merits of your invention for obtaining the maxi- 
mum calorific effect of fiiel, and that without the nuisance 
of smoke. Meanwhile, I shall only state, that I consider 
your theoretical views to be chemically correct, and their 
application to steam-boilers to be fraught with the most 
signal advantages. 

I remain, my dear sir, your very faithful servant, 

ANDREW URK 

To Charles W, Williams, Esq. 



REMARKS BY DR. BRETT. 

Laboratory, Royal iDStitution, Liverpool, Dec. 3, 1840. 
Mt Dear Sir: I have read your work on the Combus- 
tion of Coal, and have great pleasure in expressing my un- 
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qualified appioval of the chemical views contained therein. 
I, moreover, entertain a strong belief that the most im- 
portant practical results will flow out of their adoption, 
and that they will produce a new era in economical com- 
bustion. I shall take an early opportunity of sending you 
a more lengthened opinion as to the value of your dis- 
covery. In the meantime, allow me to subscribe myself^ 
yours very respectfully, 

K. H. BRETT, Ph,D., FX.S. 
To Charles W. Williams, Esq. 



FURTHER REMARKS BY ANDREW URE, M.D., 

F.R.S. 

Having now carefully perused your treatise "On the 
Combustion of Coals and the Prevention of Smoke, 
Chemically and practically considered," I cannot help 
congratulating you on the profound manner in which you 
have studied the phenomena of a furnace-*— phenomena 
which, like those of the freezing and boiling of water, had 
been for ages exhibited to the eyes of the philosopher and 
the engineer, without receiving from the one a scientific 
analysis, or leading the other to any radical improvement. 
You have fiilly demonstrated the defectiveness and fallacy 
of the ideas generally entertained concerning the operation 
of fuel in furnaces, and the errors consequently committed 
in their construction. Nothing places in a clearer Ught the 
heedlessness of mankind to the most instructive lessons than 
their neglecting to perceive the difficulty of duly interming^ 
ling air with inflammable vapors for the purpose of their 
combustion, as exhibited in the every-day occurrence of the 
flame of a tallow candle or common oil-lamp; for, though 
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this flame he in eqiitiict, e:i;i;eniaU;, mtk 4 emar^nt of aii 
created by itself, yet a large poiiion of the taUow 9^d oi) 
passes off itncoiisumed, with a gireat loss of the Ught and 
heat which they ape capable of producing. Your quota-f 
tioi^ and remark upon this subject must convince every 
unprejudiced mU^^ of th^ justness of your views as to the 
imperfect combustion of the ipflaiqmable gases given oot 
by coals on the furnace grate. 

3y experipieiits with Dr. Wollaston's Differential Bar- 
ometer, made in several fectoriea, where both high and 
low pressure steam was employed, I found that the aerial 
products of combustion from the boiler furnaces flew off 
with 9, velocity of fully 36 feet per second;* a rate so rapi4 
as to preclude the possibility of the hydrc^nated gases 
from the ignited coals becoming so duly blended with the 
atmospheric oxygen as to be burned. It is well known 
that elastic fluids of different densities^ such as au: and 
carburetted hydrogen, intermingle very slowly; but, when 
the air becomes considerablff carbonatedj as it does in passing 
through the grate^ andj consequently^ heavier^ it wiU not 
incorporate at all with the Ughter conAtistible gases above 
it in the short interval of the aerial transit through the 
furnace and flues. Thus there can be no more combustion 
amidst these gases and vapors than in the axis of a tallow 
candle flame. 

Your atomic representations are quite correct^ and will 
please all those who delight in tracing the working of 
nature into her formerly mysterious and inaccessible sanc- 
tuiary. 

You will remember, that when, about ten months ago, 

^ Bzperimental Inquiry into the Modes of Warming and Ventilating 
Apartments, in reference to the Health of their Inmates. By Andrew Ure, 
M.D., F.R.6« (Bead before the Rojal Bocietj, Jnne 16th, 1S86.) 
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you laid before me the first draught of the specifici^tion of 
your patent furnace, with what delight I hailed your 
invention as the harbinger of a brighter day for steam 
navigation, where economy of fuel h$^ become the sifie qua 
nan in regard to long voyages, I rejoice, that with the 
^mple means placed at your command, you have since 
prosecuted the subject, through al} its ambiguities, tp ^ 
dear and conclusive demonstration of the efficacy of your 
plan for calling forth from pit-coal all its dormant fire, and 
diffusing it most efficaciously over the surfaces of boilers 
and along the flues. I am more pqrticuiarly pleased with 
your analysig of the combustion of the gases and vapors 
given out by hydrogenous coal^ otn^monly, though incor-! 
rectly, called bituminous, for it contains no ready formed 
bitumen, but merely its elements-— carbon, hydrogen, an4 
oxygen. 

Having been much engaged during the two preceding 
years in experimental researches upon the calorific powers 
of diflFerent species of fuel,* I became aware that the 
hydrogenous constituents of coal underwent a most imper- 
fect combustion, and found I had been misled for some 
time to the fidse conclusion that the caking Newcastle coals 
afforded less heat than the non-hydrogenous anthracite of 
Wales. When I ipiproped my method of burning the gaseous 
products first disengaged from coalsy I obtained a greater 
quantity of heat from the so-called bituminous species; ^ 
result quite in accordance with long-established chemical 
data. The immortal Lavoisier and Laplace ascertained that 
one pound of hydrogen, when burned in their celebrate4 
calorimeter, melted 295 6 lbs. of ice, while one pound of 
charcoal melted only 96*6 lbs. — quantities very nearly in 

* An aoooant of these experiments was laid before the meeting of the 
British Association at Birmingham, and printed in the AJtkwaum, of 
Sept. 14, 1839. 
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the ratio of 3 to 1. Despretz gives the same of charcoal 
It deserves to be remarked, that this ratio is exactly the 
inverse of that in which hydrogen and carbon unite 
with oxygen; for 1 part of hydrogen, by weight, combines 
mth 8 of oxygen to form water; and 3 parts of carbon 
combined with S of oxygen to form carbonic acid gas, 
which is the product of the complete combustion of 
charcoal From these and similar researches, chemists have 
been led to conclude that the heat afforded by different 
bodies in the act of their combustion is in the ratio of 315 
to 104; thus proving beyond a doubt, that hydrogen can 
disengage^ in its combustionj three times more heat than 
the same weight proportian€d to the quantity of oaygen 
which th^ consume; a conclusion which accords, also, with 
the principle, that the intensity of heat is proportional 
to the intensity of chemical action, as measured by the 
proportion of oxygen which enters into combination. 

For the first accurate analysis of pit-coals we are in- 
debted to Mr. Thomas Richardson, of Newcastle,* who 
published, a few years ago, in the eleventh volume of £rd- 
mann's Journal fiir Chemie, the results of an excellent series 
of researches on coals made in Professor Liebig's labora- 
tory. He used the fused chromate of lead to oxygenate 
the carbon and hydrogen of the coals, with liebig's new 
apparatus; and his results deserve entire confidence. In 
the earlier analyses of coals made by Dr. Thomson, myself 
and others, the peroxide of copper, which was employed to 
oxygenate the combustible matter, always left some of the 
carbon unconsumed, and thus occasioned unavoidable errors. 



* An aooonnt of these experiments has been since presented, by Mr. 
Richardson, to the Natural History Society of Newcastle-upon-Tyne, and 
ia printed in the Transactions, vol. it. p. 401, and in the London and Edin- 
burgh Philos. Magazine, yoI. xiii., p. 121, for August, 1838. 
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1. Bich caking coal from Garesfield, near Newcastle^ of 
sp. gray. 1*280, was found to contain as follows: 

Carbon 87-952 

Hydrogen 6-239 

Azote and oxygen 5'416 

Ashes .....•••. 1-393 

100- 

2. Caking coal, of excellent quality, from South Hetton, 
in the county of Durham, of sp. gray. 1*274, afforded, 

Carbon 83274 

Hydrogen 5171 

Azote and oxygen 9*036 

Ashes 2.519 

m^ 

3. The parrot coal of Edinburgh afforded. 

Carbon 67*697 

Hydrogen 5*405 

Azote and Oxygen 12*432 

Ashes 1 4*566 

100. 
100 parts of these seyeral kinds of coal take for perfect 
combustion (subtracting the oxygen contained in the coal) 
as follows: 

l8t. 266*7 parte of oxygen : giylng oat heat as the number 122*56 
2d. 250-2 «« " " 114-98 

3cL 217-6 «* " " 100-00 

The quantity of heat is here presumed to be propor- 
tional to the quantity of oxygen consumed. M. Regnault 
published, in Erdraann's Journal, vol. xiil, p. 69, the fol- 
lowing statement of his analysis of coals, which is regarded 
by Professor Lowig as yery correct:* 

« Chemie der Organisohen yerbindungen, yol. li. p. 88. 



264 APPENDIX. 

Newcastle coal, of sp. grav. 1-280, affording a much-in- 
flated coke (quite akin to the Garesfield coal, if bot the 
same), was found to consist of carbon, 87*95; hydrogen, 
6-24; azote and oxygen, 6*41. 

Eoery coal which contains much hydrog^n^ andj therefore, 
loses much weight by ignition in retorts, necessarily produces 
much smoke, with a great waste of heat in our common 
steam-boiler furnaces, for reasons which you have so well 
developed in your treatise. " When a carburetted hydro- 
gen," says Liebig, " is kindled, and just as much oxygen 
admitted to it as will consume its hydrogen, the carbon does 
not bum at all, but is deposited (or separated) in the form 
of soot; if the quantity of oxygen is not sufficient to bum 
even all the hydrogen, carburets of hydrogen are produced 
poorer in hydrogen than the original carburetted hydro- 
gen."* The above gas and smithy coals which, from their 
richness in hydrogen, are capable of affording the greatest 
proportion of heat by thorough combustion, afford often a 
much smaller quantity than the Llangennock, because 
the carjjuretted hydrogen which they so abundantly evolve 
is not supplied with a due quantity of oxygen, and hence 
much of their carbon goes off in smoke, and their sub- 
carburetted hydrogen gas in an invisible form. These 
results are quite accordant with my experiments on these 
coals with my calorimeter. At first, from certain defects 
in the apparatus, whereby the coals were imperfectly burned 
and a good deal of smoke was disengaged, I found that the 
best Coals imported into London, such as Lambton's, 
Wallsend, Hetton ditto, and Pole's Main, afforded a 
smaller proportion of heat than the Llangennock, or even 
anthracite; but, when I diminished these defects, I obtained 
much more heat from the Tanfteld Moor coal than from the 
Llangennock, and more from this than from the anthracite. 

* TraiU de Ohimie Organiqne, Introduction, p. 32. 
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In fact, a coal whichy like the Newcastle caking coaly con-- 
tains 5-239 of hydrogen^ is capable of giving out in complete 
combustion as much heat as if it contained an eortra \{i\per 
cent, of carbon; but instead of this additional heat, it 
affords in common furnaces much less heat than the Llan- 
gennock, though this is much poorer in the most calorific 
constituent, viz., the hydrogen. 

The first operation which coals undergo, on being heaved 
into a common furnace, is distillation, attended with a great 
absorption of heat, and may be compared to the distilla- 
tion of sulphur in the process of refining it, for which 
purpose much external heat is reqidred. But, if the 
fumes of* sulphur or the coals be, after ascension, inter- 
mingled with tlje due quantity of atmospherical oxygen, 
they will, on the contrary, generate internally, from the 
beginning, their respective calorific effects. 

In, the case of great steam-boiler furnaces, for which 
your patent is specially intended, since these are fed at 
short intervals, your plan of distributing atmospheric air^ 
in a regulated quantity y by numerous jetSy through the body 
of the gasiform matter y is peculiarly happy y and must enable 
you to extract the whole heat which the combustible is capa^ 
ble of affording. The method, also, which you have 
contrived for distributing the air under the surface of the 
grate will ensure due combustion of the coked coals lying 
there, without admitting a refHgerating blast to the fire. 
And, finally, your mode of supplying atmospherical oxygen 
will prevent the possibility of the carbon of the coals 
escaping in the state of carbonic oxide gas, whereby at 
present much heat is lost in our great furnaces, 

ANDREW URE. 

13 Charlotte street, Bedford square, London. 
December 26, 1840. 
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FURTHER REMARKS BY DR. BRETT. 

Laboratory, Royal Institution, Liverpool, Jan. 6, 1841. 

I now take the opportunity of expressing more fully my 
opinion of your views concerning the combustion of coal 
and prevention of smoke, and it gives me the greater 
satisfaction so to do, in consequence of having enjoyed, on 
more than one occasion, an opportunity of examining, in 
your experimental furnace, when in operation, the diflFerent 
stages of coal combustion. Your fiimace being so con- 
structed that it allows of a dose inspection of the changes 
which take place within the flue behind the bridge, ho 
person, however imperfectly acquainted with those scien- 
tific principles upon which combustion ought to be effected, 
can avoid recognizing the great difference (a difference 
sufficiently palpable to the sight) which exists between 
combustion, as conducted in furnaces upon the old plan, 
and that which takes place in yours, when the inflammable 
matters receive good air properly supplied. 

The importance of this supply of good, instead of vitiated, 
air, at a proper time^ and place, and the no less important 
influence which a thorough commingling of the substances 
to be burnt and the substance burning exerts in facilitating 
full and complete chemical union, has been satisfactorily 
shown in your treatise; and the injurious effects from a 
neglect of these precautions no less clearly demonstrated; 
and this appears to be quite manifest if we look to the 
natiAe of the elementary substances which enter into the 
composition of all ordinary pit-coal. 

If coal be submitted to heat in large vessels, as in the 
coal-gas retorts, combustion does not take place, but the 
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elements pre-existing in the coal undergo new arrange- 
ments, giving birth to volatile substances, which pass off, 
leaving behind a solid carbonaceous matter or coke. 
These gaseous or volatile substances are sufficiently numer- 
ous, consisting of light and heavy hydro-carbons, napthaline, 
sulphuretted hydrogen, carbonic oxide, ammonia, cyanogen, 
free hydrogen, and sulphuret of carbon; all these compounds 
being produced from the five already-mentioned elementary 
bodies. A portion of the heavy hydro-carbon, or defiant 
gas, suffers decomposition at the high temperatures of the 
gas retorts, carbon being deposited in no inconsiderable 
quantities even upon the roof of the retorts, light car- 
buretted hydrogen passing off as gas. 

This, then, appears to be the state of things which 
obtains when coal is submitted to destructive distillation 
without aerial contact When, however, coal is submitted 
to the agency of heat for special calorific purposes with 
aerial contact, then actual combustion ensues, either 
partial or complete, according to the manner in which 
atmospheric air is supplied; the great object always being 
to prevent the formation, or, at all events, the permanent 
existence of those compounds, especially the nitrogenous 
ones already enumerated; instead of which, the only pro- 
ducts ought to be carbonic acid and water, with some 
nitrogen, and, occasionally, a small quantity of sulphurous 
acid. The old mode of combustion in frimaces is mani* 
festly incompetent to effect this perfect combustion, and 
only to be attained, in my opinion, by a plan based upon 
such principles as you have advocated* 

Every one who observes the volumes of black smoke 
escaping from the chimneys of manufactories must be 
struck with the positive loss of fiiel thus sustained; yet, 
not only is the black smoke lost for calorific effect, but 
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a further loss may be traced to the passing off of what 
may be called a smoke, though not visible — I mean unbumt 
carburetted hydrogen and carbonic oxide. You have 
been fully alive to the truth of this, and, by a felicitous 
contrivance, have shown that by mingling atmospheric air 
with inflammable gas, before they can escape unbumt, 
black smoke may be got rid of, or, in other words, that 
loss of fuel and consequent loss of heat may be avoided. 

On one occasion, whilst watching the process of combus- 
tion during its different stages in your experimental furnace, 
at that period when the hydro-carbons had just undergone 
combustion, and the carbonaceous matter or coke was 
remaining on the fire-bars highly ignited, I observed, when 
looking into the flue, the phenomenon of a peach-colored 
flame mingled with one of a striking blue color. The 
former I believe to have been produced by the burning of 
cyanogen; the latter was undoubtedly due to carbonic 
oxide. To the interesting feet of the combustion of the 
latter gas, after that of the hydro-carbons, you will remem- 
ber to have directed my attention on a former occasion. 
I need hardly say that, without a proper supply of atmos- 
pheric air, these gases would have escaped by the chimney, 
and so have been lost for calorific purposes. 

I will conclude these observations by a remark or two 
on a point much insisted upon in your treatise, as it 
appears to me of great importance, namely, the diffusion 
of the atmospheric air and inflammable gases as much as 
possible into each other prior to combustion. In doing 
this you but follow out the rule which science and experi- 
ence alike dictate, which is to cause as intimate a mixture 
• as possible of those substances between which you desire 
that chemical union, and the previous mechanical arrange- 
ment of the bodies to be united should be, and are in your 
plan, carefully observed. 
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By causing atmospheric air to be driven h/ jets among 
the inflammable gases, you employ, as it appears to me, 
the only means practicable in operations on a large scale, 
of causing a sufficient mechanical admixture between the 
ail and the gases to be burnt. By such means, too, you 
considerably extend the surfeu^e of any given bulk of 
atmospheric air admitted in the same way, as the sur&ce 
of any given volume of water is greatly increased by 
causing it to pass in thin streams through a vessel contain- 
ing numerous apertures. 

The importance of a due supply of atmospheric air to 
coal-gas, and a proper admixture of the one among the 
other prior to combustion, may be shown by taking a piece 
of wire gauze, placing it nearly in contact with the perfor- 
ations of a common gas argand-bumer, and then turning 
on the gas and inflaming it. After it has passed the wire 
gauze, the flame will be foimd to be luminous and 
fuliginous, and a piece of platinum wire placed across it 
will be only heated to dull redness about the external part 
of the flame; but if, whilst things are in this condition, the 
wire gauze be raised so as to leave a space of some few 
inches between the orifices of the burner and the under 
surface of the gauze, the flame speedily loses its luminous 
properties to a great extent, is no longer fuliginous, and 
has so increased its calorific properties as to cause the 
platinum wire to be heated to a bright redness. 

In the first experiment imperfect combustion takes place 
from an inadequate supply of atmospheric air and want of 
diffusion of the air and coal-gas among each other. Hence 
the luminosity of the flame, containing, as it does, solid 
unbumt carbon, and hence, also, its less powerful heating 
properties and fuliginous character. In the latter experi- 
ment, the air becomes mingled with the coal-gas before 
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passing through the wire gauze ; and, when this mixture is 
inflamed abiyoe the gauze, perfect combustion takes place, 
no smoke is produced, and a great increase of heat obtained. 

On the whole, then, I would observe, that your treatise 
is correct as to its theoretical and scientific principles; 
and, by your illustrations on the large scale of the furnace, 
you have demonstrated how science and practice may be 
made to harmonize, and have shown the importance of 
attending strictly to the chemical conditions on which 
combustion takes place, without which all must be error 
and uncertainty. 

R. H. BRETT, Ph.D., F.L.S. 

To C. W. WiUiams, Esq. 



REMARKS BY DR. ROBERT KANE. 

Royal Dablin Society, Jannary 16th, 1841. 

DkarSir: I received the copy of your work and the 
other papers illustrative of your views of the nature of 
combustion and of the construction of furnaces, and I 
consider your suggestions as being of peculiar value inas- 
much as they indicate to the engineer and mechanist the 
principles on which alone the perfect combustion of fuel 
can be secured. They serve, also, as an additional proof, 
were such wanted, that complete success in art — ^the 
greatest econmny in mateiials-^and the most perfect 
utilization of its products can only occur when the scientific 
conditions of the process are clearly understood and made 
the foundations of practice. 

In jfour furnace alome, of all the plans I have had an 
opportunity of examining, the conditions for the complete 
condmstion ofali the constituents of the fuel are secured in 
the proper circumstances of quantity, timCj and place. 
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The introduction of air at the bridge and along the 
flame-bed, to supply the quantity of oxygen necessary for 
the combustion of the volatile products of the coal; — ^the 
diffusion of this air, secured by its issuing from a great 
number of small jets, and the consequent fiill combustion 
of the gaseous fuel before it leaves the surface of contact 
with the boiler, are elements of real economy and success 
in practice. The value of this, although, perluips, obscurely 
felt by others, from the imperfection of the older methods, 
has been certainly first placed in its important and just 
aspect by your illustrations. 

The formation of carbonic oxide in furnaces, to which 

I FIND, IN TOUR WORK, FOR THE FIRST TIME, THE ATTENTION 

OF PRACTICAL MEN mREGTED, has hitherto been a source of 
loss of fuel to a very considerable extent When carbonic 
acid streams over a surface of ignited charcoal, or coke, it 
cannot be considered to evolve heat in taking up an addi- 
tional equivalent of carbon. 'HnB is verified by the fiu;t 
that the carbonic oxide thus formed gives out, in burning, 
only the same quantity of heat which the second equivalent 
of carbon should have given out if it had formed carbonic 
acid directly. 

This heat you encourage, and hence, even at those periods 
when carbonic oxide is produced, you lose no fuel ; whereas, 
in all the ordinary plans of avoiding visible smoke^ the fuel 
is evolved in carbonic oxide, and b either silently escaping 
as invisible gas or bums at the orifice of the chimney, 
wasting there the carbon which should have been econ- 
omized below. 

I like the flan of your diagram very much. In popular 
use, and especially for the instruction of those who have 
not made abstract calculations their study, they are 
exceedingly valuable: so much so, that our illustrious and 
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venerable friend, Dr. Dalton, the Nestor of the physical 
sciences, as he has been termed by Dumas, proposed a 
plan not unlike yours, but which, from the very fact of its 
being more adapted to class illustrations than to the calcu- 
lations by symbols (now so necessary in scientific chemistry), 
was kept very much out of view lately by the employment 
of the Berzelian notation. I am glad, therefore, that you 
•propose coloring these diagrams in a second edition^ for, 
when one writes, as you do, not merely for those who 
know a good deal, but for those who are not used to the 
kinds of ideas you wish to communicate, ever}"^ adjunct 
which tends to awaken the senses to the subject is of the 
highest importance. 

In conclusion, I beg to express my conviction, that, by 
giving to the scientific world the true philosophy of 
combustion upon the large scale of the furnace, and indica- 
ting to the mechanist the conditions upon which the proper 
consljjuction of ftimaces must rest, you have illustrated 
remarkably the value of science applied to the useful aits, 
and have effected considerable service to the public. 
Believe me, my dear Sir, 
Sincerely yours, 

ROBERT KANE. 
To C, W. WiUiams, Esq. 
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Aqueous vapor, 58 

Argand burner, use of the glass chim- 
ney of, 69 

Argand gas-burner, jets of chimneys, 
jets employed in, 243 

Ascending and descending currents 
in heated liquids, experiments prov- 
ing the error of the theory, 73 

Atoms of a liquid mass electrified, 
illustrations of, 63 

Atoms of vapor, do they retain their 
properties as an elastic fluid, 39 

Atoms of vapor in water, 136 

Atoms of water, action of units of 
heat on, 95 

Atoms, ratio of the enlargement of, 
while in the water, 42 

Attraction among the atoms of 
water, 31 

Attrition of liquid atomsi 57 

Azotic gas, 58 

Back draught, 245 
Bacon, Boger, 26 

Bellows, experiments with, to show 
the principle of the jet,"236-.244 

18 



Berselius, 15 

Blow pipe, application of, in experi- 
ments on conductibility, 77 
Boiler explosions, 216 
Boiling point, 27, 90, 109 
Boiling point. Dr. Thompson on« 

146. 
Brande, Prof., 74 
Brande, Trot, on combustion of coal, 

255 
Brande, Prof., on ebullition, 108 
Brande, Prof., on expansion inliquids^ 

84 
Brande, Prof., <m spontaneous evap^ 

oration, 199 
Brande, Prof., on tendency of vapor 

to rush to foreign matter, 117 
Brett, Dr., on combusticm of coal, 

258, 266 
Bubbles, 107 
Bumping, direct cause o( 113 

Carbonic acid gas, 58 

Chemistry, prominent part taken by 

the Boyal Dublin Society in the 

advancement of, 9 
Circulation, currents in liquids, 71 
City of Dublin Steam Packet Co., 

early history, 21 
Circulation in boiler, 74 
Coal, analyses of, 262 
Combustion of coal, author's treatise 

on, 15, 26 , . . 

Combustion of coal m fnmaoes* 

Comuottnd atmoaphew*, 59 
0Zpre88ibiUty«mdmc<HapTe88ib»hty 
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Condensationi 160 

Condensation, deBcription of the 
cause and process oi, 160 

Condensation in the steam-enginei 161 

Condensation, the term as common- 
ly applied, 160 

Condensing and non-condensing en- 
gines, 166 

Condnctibility and non-conductibil- 
ity, 67 

Conduction of heat, 69 

Convection in liquids, Prof. Silliman 
on, 72 

Conversion of water into vapor, Dr. 
Thompson on, 145 

Crystallization, analogy between, and 
ue formation of steam globules in- 
admissible, 107 

Currents ascendmg and descending 
in heated liquids, 71 

Daiton, 10, 26, 28, 38, 42, 52, 53, 54, 
55, 56, 63 

Daiton on attraction and repulsion of 
atoms, 92 

Daiton on existence of vapor, 147 

Daiton on liquids, 82 

Dalton's description of the self-repel- 
lent particles in atoms, 58 

Daiton s theory of mutual repulsion, 
49 

Daniell, Profl, on non-conducting 
power of liquids, 70 

Davy, Sir Humphrey, 9, 15, 19, 26 

Davy, Sir Humphrey, Electro-Chemi- 
cal Lectures, 15 

Decomposed stMm as a cause of ex- 
plosions, 217 

Deficient supply of water, explosions 
from, 228 

Density of air, 50 

Diffusion, Dalton's discovery of, 137 

Diffusion, Dalton's theory of, 192 

Diffusion, diagram illustrative, 60 

Diffusion, illustrations of, from 60^ to 
2120 61, 62 

Diffusion of gases. Prof. Silliman on, 
138 

Diffusion of heat in water, 69 

Diffusion of vapor, 10, 45 

Diffusion of vapor and other elastic 
fluids, 48 

Diffusion of vapor into the air, Pro£ 
Graham on, 208 

Diffusion, Pro! Graham on, 54 



Dilatation and compression, 66 

Discoverers as expounders of their 
discoveries, 26 

Dixon, Prof., theory of ebullition ex- 
amined, 128, 132 

Donny, Mm theory of ebullition ex- 
ammed, 130 

Draught, deficiency of, in furnaces of 
steamers, 246 

Draught, insufficiency of, natural, 253 

Ebullition, 101 

Ebullition, conclusion to be drawn 
from the facts of, 135 

Ebullition, experiments on, 110, 111, 
112 

Ebullition has no reference to the 
generation of vapor, 119 

ElbuUitiou, prevailing theories o^ 122 

Ebullition, prevailing theories erro- 
neous, 27 

Ebullition, process, purpose and vtfl- 
ity of, 133 

Ebullition the result of the tenden<^ 
of vapor to rush into contact witn 
foreign matter, 117 

Ebullition, what is it, 107 

Elastic fluids, miscibility o1^ 165 

Elastic fluid, water an, 48 

Elasticity defined, 48 

Electric condition of vapor atoms, 
165 

Electricity as a cause of explosions, 
217 

Electricity, its relation to vaporiza- 
tion, 34 

Evaporation, 185 

Evaporation and vaporization, 215 

Evaporation, De Luc and Daiton on, 
189 

Evaporation, "Encyclopedia Britan- 
mca" on, 186 

Evaporation, experiment illustrating, 
188 

Evaporation, Herschel on, 213, 214 

Evaporation, reduction of tempera- 
ture the result of the escape of 
vapor, 191 

Evaporation, ** Bees' Cyclopaedia" on, 
186, 187 

Evaporation, Begnault on, 190 

Evaporation, Saussure on, 187 

Evaporation, spontaneous, 199 

Expanding of water, 65 

Expansion, 77 
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Expansion, liqaicU incapable of, 88 
Expansion, theory, refutation of, 87 
Experience of the author, 14 
Experiment in condensation, 163 
Explosion, 28 
Explosion, experiment illustrative of, 

232 
Explosions at ordinary pressure, 217 
Explosions, boiler, 216 
Explosions, direct cause of, 113 
Explosions equally attendent on an 

over or an undercharge of water in 

boiler, 217 
Explosions in marine boilers rare, 

228 
Explosions on the engine being 

started, 216 

Faraday, Dr., 20, 48, 62 

Faraday's '^ Chemical Manipulations" 
quoted on evolution of vapor, 113 

Faraday on condensation, 167 

Faraday on diflfusion, 62 

Flashing of water into steam sup- 
posed cause of explosiouB, 216 

Franklin Institute, experiments on 
explosions, 232 

Free caloric in boiler, 233 

€kw, draught for combustion of, 245 
QtBS, quantity absorbed is as the den- 
sity or pressure, 57 
Gases, dinusion of, 19 
Gases or vapors in space, Dalton on, 

210 
Gases or vapors in space, how 

arranged, 138 
Gases or vapors retain their elasticity 

or repulsive power, 138 
Gaseous state due to the mutual r^ 

pulsion of the particles, 48 
Gay-Lussac, 52 
'* General mass" of a liquid does not 

boil, 107 
Generation of steam, refutation of the 

theory ol, only at the boiling point, 

Generation of vapor atoms, 41 
Globules, expenment showinir the 
formation and a8cen8ional|ower 

Globules of steam, 37 
Globules, stream of, i^ eK«ir*-..«. 
illustration of, 118 ^bnlhtioX^, 

Gmelin on expansion, 77 



Gmelin on the conduction power of 

liquids, 75 
Gmelin, theory of ebullition examined, 

127 
Graham on currents in heated liquids. 

71 
Graham on diffusion, 54 
Graham on spontaneous evaporation, 

201 
Gravity nothing to do with mixing 

and diffusion of gases, 54 
Great Eastern, explosion on board, 

229 
Great Eastern, plan of boilers of, 225 
Groupinfifs of ^apor, experiment on, 

Heat«bsorbing surface, when well 

supplied in marine boilers, the 

natural draught always deficient, 

253 
Heat, action of, on the liquid atoms 

of the human frame, 95 
Heat cannot be received and retained 

by liquid particles, 164 
Heat, effect of its application beneath 

a vessel of water, 71 
Heat generating properties of the 

several kinds of rael, 19 
Heat, illustration of the diffusion of, 

in water, 69 
Heat inherent in water in its three 

states, 32 
Heat, laws of, 13 
Heat, principles as regards applica> 

tion of, to liquids, 13 
Heat, the rapidity with which vapor 

parts with, 167 
Heated or expanded water, correctly 

speaking, no such thing as, 88 
Heating and expanding of water, 65 
Heating and expansion, experiments 

refutmg the tneory of, 85 
Henry, Dr., 57-59 
Herschel, Sir John, on evaporation, 

209 
Higgins, William, 15 
Hofman, atomic symbols and dia- 
grams, 59 
Homogeneous temperature of vapor, 
45 

Ice, 31 ^ . . 

Identity of vapor in a dynamic pomt 
Qf view as an elastic fluid, 45 
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ninstrations of diiliifiion from 60^ to 

2120 61, 62 
Impure water, effect of ebullition on, 

]08 
Incipient ebullition, 104 
Induced current of air in fiimaces, 

246 

Jet, 10, 235 

Jet, experiments and illustrationB of 

the principle on which its efficiency 

depends; 236, 245 
Jet, its introduction into the "Bocket" 

engine, 235 
Jet, mechanical use of, 246, 247 
Jet system, efficiency of, depends on 

the amount of induced current, 

254 
Jet system, value of^ 253 
Jet, me great importance of, 235 
Jet, experiments with regard to dis- 
tribution and area of, 248-253 
Jets, importance of a due relation 

between the sectional area of, and 

their distances, 247 

Kane, Sir B., on combustion of coal, 
270 

Kane, Sir B., on expansion of liquids, 
83 

Kane, Sir B., on liquids as conduc- 
tors of heat, 70 

Kane, Sir B., on spontaneous evapo- 
ration, 203 

SLane, Sir B., on yaporization, 38 

Lardner, Dr., on expansion of liquids, 

78 
Lardner, Dr., on heating of solid 

bodies, 65 
Lardner, Dr., on vaporization, 35 
Latent and sensible heat, 97 
Latent heat, 33 
Laws of elastic fluids, 89 
Laws of heat, 13 
Laws of nature, their unity and sun- 

plicity, 26 
Liquid atoms, 89 
Liquid atoms, strata of, 40 
Liquid medium, additional density 

and pressure of, 41 
Liquids have no diffusing property 

or action, 69 
Liquids, non-conducting power of, 

70 



Lowest or carpet stratum of liquid 
atoms, 40 

Marine boilers, explosions rarely take 
place iu, 228 

Marine boilers, jets applied in aid o( 
245 

Medium of the air, 40 

Medium of water, 40 

Metal gearing, introduction o( by the 
author, 19 

Metallic refrigeration, 184 

Metallic vessels, and glass, a^nd por- 
celain, in ebullition, 108 

Miller, Prof., on heat, 13 

Miller, Profl, the<»7 ot ebullition ex- 
amined, 122 

Muscibility of elastic fluid, 165 

Momentum of combined steam and 
water as a cause of explosions, 217 

Mutability of action, 49 

Mutual repulsion, Daltcm's law, 32 

Mutual repulsion, Dalton's theory o£ 
49 

Mutual repulsion of particles, 48 

Non-conducting property of water, 69 

Oldham, John, 20 
Oriental Steam Navigation Co., 23 
Original thought, no claim laid to, 27 
Overpressure as a cause of explosions, 

217 
Oxygen gas, 58 

Pambour's theory of vapor in water, 

151 
Particle, nucleus of each, 63 
Pea, experiment of balancing in the 

air, as illustrating the principle of 

the jet, 240 
Pressure in force, 48 
Pressure of steam on the water in the 

boiler, 233 



Quantity of vapor, the cause and 
sure of volume and pressure, 145 

Bankine, Prof., on a perfect gas, 49 ^ 
Bankine, Prof., theory of ebullition 

examined, 126 
Bapidity of the formation of vapor, 

45 
Bead, Dr., on currents in heated 

liquids, 71 
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Begnanlt cm compresBibility of water 

and mercury, 67 
Bepnlsion and diyergence of atoms 

of water, 31 
Bepnkire force in the particles of 

air, &0 
Bobinson, Sir T., on vaporization, 

36 
Rnssel, J.Scott, on condensation, 161 

Saturation, point of, 109 

Shannon, improvement of the navi- 
gation of, 22 

Simple atmospheres, 58 

Spontaneous evaporation, 199 

Spontaneons evaporation, the in- 
volved character of prevailing the- 
ory, 203 

Steam, U 

Steam below the water Hne, 225 

Steam cannot give out its heat to 
water, 28 

Steam-engine, condensation in, 161 

Steam, force and pressure of, Dalton's 
rale, 98 

Steam, generation and application of^ 
14 

Steam, how it can be generated, 107 

Steam, illustrations or, and experi- 
ment showing existence of the same 
quantity of steam in each cubic 
inch of a boiler, 218, 219, 220, 221, 
222 

Steam in water in excess of satura- 
tion may be discharged into the 
space above, but cannot reciprocate, 
experiment on, 230 

Steam jet and induced current of air 
in fdrnaces, 246 

Steam navigation, connection of the 
author with the early establishment 
of, 23 

Steam, when injected into cold water, 
effect on, 168, 171 

Stephenson, Geo., his introduction of 
the jet,* 235 

Sudden increase of pressure and risk 
of explosion, examination, and ex- 
periments, 222, 223, 224 

Surface bubbling, 102 

Surface stratum of liquid atoms, 40 

Theory, general, of heating and ex- 

pansionofwater, 65 
Thermoelectricity, 28, 63 



Thompson on expansion of liquids, 

78 
Thompson on spontaneous evapora- 
tion, 204 
Three states of water, 31 
Transatlantic Steam Ship Co., 23 
Turner, Dr., on spontaneous evapo- 
ration, 202 
Turner, Dr. E., on vaporization, 35 

Unit of heat, Prof. Bankine on, 93 
Units of heat, action o( on atoms of 

water, 95 
Units of heat in steam, 28 
Ure, Dr., 15, 25, 42, 65 
Ure, Dr., on combustion of coal, 258, 

259 
Ure, Dr., on expansion of liquids, 87 

YacQum, 173 

Vacuum, action of cold water in pro- 
ducing, 174 

Vacuum, experiments on the, 176,181 

Vapor, 31 

Vapor, accumulation of, over the sur- 
face of water, 205 

Vapor and steam. Main and Brown 
on, 197 

Vapor atoms, 33, 89 

Vapor atoms, generation of, 41 

Vapor atoms, tendency of, towards a 
nucleus, illustration of, 119, 120. 
121, 122 

Vapor, cause of diminution in quan- 
tity of, escaping in given times, 205 

Vapor, Desaguliers on, 147 

Vapor, diffusion of, 10, 48 

Vapor, distinction between genera- 
tion of, and escape of, 185 

Vapor, does it exert the nroperties 
of other elastic fluids independent 
of oth^r masses in bodies in the 
same space, 50 

Vapor, effect of presence of^ in exoess 
of saturation, 115 

Vapor, existence of, in an indepen- 
dent state, 69 

Vapor, experiment showing the ab- 
solute existence of, in water, 150 

Vapor, has it properties of otJ^er 
elastic fluids, 50 

Vapor, in excess of saturatiouy dia- 
charge of, 117 

Vapor, in excess of saturation, ex- 
periment with) 115 
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Vapor in water, 117, 136 

Vapor in water at all temperatures, 

208 
Vapor in water, Dalton'e illostrationB 

of, 211 
Vapor in water, experiments on, 140, 

141, 142, 143 
Vapor in water, Pambour's theory of. 

Vapor, is it an elastic finid, 50 

Vapor not heated water, 45 

Vapor or steam cannot give ont its 
heat to water, 28 

Vapor, rapid formation of, and dy- 
namic effect, 44 

Vapor, reconversion into the state of 
bqoid, 160 

Vapor rolling downwards to the hot- 
tom of a vessel, 69 

Vapor which goes off in evaporation, 
not water, 205 

Vaporisation and evaporation, 215 

Vaporization, 34 

Vaporization and evaporation, ex- 
periment illustrating, 188 

Vaporization, the views of various 
writers on, 35, 36 

Vaporized bodies, how classed, 138 

Vaporous and liquid atoms, reciprocal 

relations, 184 
Vaporous state, change from the liquid 
lo, o9 

Violent movement in boilers in start- 
^^ engines, 226 

water a non-condoctor and a non- 

recipiejit of heat, 88 

aiep, assumed eflTect of, in depriv- 
^Sfr**^*^ of its beat 183 
Ptorf^ iieither be heated nor ex- 
f •«*a©<j jj^^ retain the character 



of liquidity and the property of 
attraction, 27 

Water cannot be thermometrically 
affected, 88 

Water, change of which it is suscep- 
tible under the influence of heat, 
13 

Water considered chemically, physi- 
cally, and dynamically, 31 

Water crystallized as ice, 31 

Water does not evaporate but merely 

W parts with its vapor, 214 
ater, enlarged volume of, when 

heated, attributable to the presence 

of vapor in it, 88 
Water evaporates in the form of vapor, 

205 
Water, evaporating, Thompson on, 

206 
Water, experiments showing the loss 

of, by evaporation, 193, 195, 196 
Water gaseous or aeriform, ^1 
Water, heating and expanding of, 

65 
Water, illustration of the noncon- 

ducting property of, 67 
Water not a substance to which 

vapor can give out its heat, 160 
Water or other liquids incapable of 

compression or expansion, 88 
Water, the three states of, 31 
Water, vapor in, 136 
Watt, James, 14, 26, 27, 28, 54 
Watt, James, on the vacuum, 173 
Watt's theory of steam, condensed, 

28 
Watt's views of condensation, 161 
Wheel feathering, 20 
Work in the change of which water 

is susceptible imder the applica- 
tion of heat, 13 
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Illustrated 12mo., cloth, $1.75 

CONTENTS.— Sketch of the ProgreBs of Bookbinding, Sheet- 
work, Forwarding the Edges, Marbling, Gilding the Edges, Covering, 
Half Binding, Blank Binding, Boarding, Cloth-work, Ornamental Art, 
Finishing, Taste and Design, Styles, Gilding, Illuminated Binding. 
Blind Tooling, Antique, Coloring. Marbling, Uniform Colors, Gold 
Marbling, Laadsoapes, et«., Inlaid Ornaments, Harmony of Colors. 
Fasting Down, etc., Stamp or Press-work, Restoring the Bindings or 
Old Books, Suppljing imperfections in Old Books, Hints to Book Col- 
leotors, Teehnioal Lessons. 

Booth and Morfit. The Encyclopedia of 
Chemistry, Practical and Theoretical : 

Emhracing its application to the Arts, Metallurgy, Mine- 
ralogy, Geology, Medicine, and Pharmacy, By Jambs C. 
Booth, Melter and Refiner in the United States Mint ; 
Professor of Applied Chemistry in the Franklin Institute, 
etc.; assisted hy Campbbll Morpit, author of '* Chemical 
Manipulations," etc. 7th Edition. Complete in one 
Tolume, royal octavo, 978 pages, with numerous wood 
cuts and other illustrations, $5.00 

From the very large ntittber of articles in this volume, It Is entirely 
Impossible to give a list of the Contents, but attention may be called 
to some among the more elaborate, such as Affinity, Alcoholometry, 
Ammonium, Analysis, Antimony, Arsenic, Blowpipes, Cyanogen, Dis- 
tillation, Electricity, Ethyl, Fermentation, Iron. Lead and Water. 

Brewer; (The Compete Practical.) 

Or Plain, Concise, and Accurate Instructions in the Art 
of Brewing Beer, Ale, Porter, etc., etc., and the Process 
of Making all the Small Beers. By M. Lafatbttb Bybk, 

M. D. With Illustrations. 12mo |1.00 

^ Manv an old brewer will find in this book valuable hints andsog* 
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cettioni worthy of eontideration, and the novice can pott himself up 
III hla trade in all ita ptLttM,"^ArtUan. 

Builder's Pocket Cofflpanion: 

Containing the Elements of Building, Sarveylug, and 
Aroliitecture ; with. Practical Rules and Instructions con- 
nected with the subject. . B7 A. C. Smbaton, Civil Engi- 
neer, etc In one volume, 12mo., $1.00 

CQNTSNT3.~The Builder. Carpenter, Joiner, Mason, Plasterer, 
Plumner, Painter, Smith, Practical Geometry, Surveyor, Cohesive 
Strength of Bodies^ Architect. 

" It gives, in a small space, the most thorough directions to the 
builder, from the laying of a brick, or the felling of a tree, up to the 
most elaborate production of ornamental architecture. It is scientific, 
without being obscure and unintelligible ; and every house-carpenter, 
master. Journeyman, or apprentice, should have a copy at hand 
always."— £venin^ BuUdin. 

Byrne. The Handbook for the Artisan, Me- 
chanic, and Engineer, 

Containing Instructions in Qrinding and Sharpening of 
Cutting Tools, Figuration of Materials hy Abrasion, Lapi- 
dary Work, Gem and Glass Engraving, Varnishing and 
Lackering, Abrasive Processes, etc., etc. By Oliver 
Byrne. Illustrated with 11 large plates and 185 outs. 
8vo., cloth, ^5.00 

CONTSKT8.— Grinding Cutting Tools on the Ordinary Grind- 
stone ; Sharpening Cutting Tools on the Oilstone ; Setting Razors ; 
Sharpening Cutting Tools with Artificial Grinders ; Production of Plane 
Surfaces bv Abrasion : Production of Cylindrical Surfaces by Abra- 
sion; Production of Conical Surfaces by Abrasion; Production of 



ing; Seal and Gem Engraving} Cameo Cutting; Glass Engraving, 
Varnishing, and Lackering; General Hemarks upon Abrasive Pro- 
ceases ; Dictionary of Apparatus ; Materials and Processes for Grinding 
and Polishing oommonly employed in the Mechanical and Useful Arts. 

Byrne. The Practical Melal-worker's Assist* 
ant) 

For Tin-plate Workers, Braziers, Coppersmiths, Zinc- 
plate Ornrmenters and Workers, Wire Workers, White- 
smiths, Blacksmiths, Bell Hangers, Jewellers, Silver and 
Gold Smiths, Electrotypers, and all other Workers in 
Alloys and Metals. Edited by Olivbb Btbvb. Complete 
in one volume, octavo, 97.50 

It treats of Casting, Foundlnff, and Forging,* of Tongs and other 
Tools } Degrees of Heat and Management ox Firea ; welding of 



IPRACTlCAIi AND SCIIBNTIFIO BOOKS, 

Heading and awtnge Tools ; of Panches and Anvils ; of Hardening and 
Tempering} of Malleable Iron Caatings, Case Hardening, Wrought 
and Cast Iron; the Management and Manipulation of Metals and 
Alloys, Melting and Mixing : the .Management of Furnaces, Casttng 
and Founding with Metallic Moulds, Joining and Working Sheet Metal ; 
Peculiarities of the diff\erent Tools employed ^ Processes dependent on 
the ductility of Metals ; Wire Drawing, Drawing Metal Tubes, Solder- 
ing ; The use of the Blowpipe, and every other known Metal Worker's 
Tool. 

Byrne. The Practical Model Calculator,. 

For the Engineer, Machinist, Mannfaotnrer of Engine 
Work, Naval Architect, Miner, and Millwright. By 
Oliver Btrxb, Compiler and Editor of the Dictionarjr of 
'Machines, Mechanics, Engine Work and Engineering, and 
Author of varions Mathematical and Mechanical Works. 
Illastrated bj numerous engravings. Complete in one 
' large volume, octavo, of nearly six hundred pages,.. 1^3. 50 
The principal objects of this work are: to establish nio<lel calcula- 
tions to guide practical men and students } to illustrate every practical 
rule and principle by numerical calculations, systematically arranged ; 
to give laformation and data indispensable to those for whom it is in- 
tended, thus surpassing in value any other book of its character; to 
economize the labor of the praotieal man, and to render his everj'Klay 
calculations easy and comprehensive. It will be. found to baoneof 
the mOBt complete and valuable practical books ever published. 

Cabinetmaker's and UphoIsterer^s Compaiiion, 

Comprising the Rudiments and Principles of Cabinet, 
making and Upholslery, with Fatniliar Instructions, il- 
lustrated by Examples for attaining a proficiency in the 
Art of Drawing, as applicable to Cabinet Work ; the 
processes of Veneering, Inlaying, and Buhl Work ; the 
Art of Dyeing and Staining Wood, Bone, Tortoise Shell, 
etc. Directions for Lackering, Japanning., and Varnish- 
ing ; to make French Polish ; to prepare the best Glues, 
Cements, and Compositions, and a number of Receipts 
particularly useful for Workmen generally. By J. Stokbs. 

In one volume, 12mo. With JUuBtrations, 75 

" A large amount of practical information, of great service to all 
soocemedf in those branches of business."— Ofeio SUtU Journal. 

Campion. A Practical Treatise on Mechanical 
Engineering; 

Comprising Metallurgy, Moulding, Castipg, Forging Tools, 
Workshop Machinery, Mechanical Manipulation, Manu- 
facture of Steam Engine, etc., etc. Illustrated with 28 
plates of Boilers, Steam Engines, Workshop Machinery, 
6 
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eto., and 91 Wood Bngravings ; with an Appendix on the 
Analysis of Iron and Iron Ores. By Francis Oampirn, 
C. E., President of the GiWl and Mechanioal Sngineeis' 
Society, etc. {In press.) 

Celnart. The Perfumer. 

From the French of Madame Celnart ; with additions by. 
Professor H. Dnssknce. 8vo. {In press.) 

Colburn. The Locomotive Engine ; 

Including a Description of its Structure, Rules for Gs^ti- 
matiug its Capabilities, and Practical Observations on its 
' Construction and Management. By Zeha.h Colbukm. Il- 
lustrated. A new edition. 12mo, 7^ 

**It Ig the mbst practical and generally uaefUl work on ttie Steam 
Engine that we have seen."— £o«ton Traveler." 

DagaerreotypistaBd Fholographer^s Companion. 

12mo., cloth, $1.00 

Distiller (The Complete Practical). 

By M. Lafatittb Btbit, M.D. With Illustrations. 12mo. 

n.oo 

« So simpliflea. that It is adapted not only to the use of extensive 
DlBtlllerB, out for every farmer, or others wno may want to engage in 
JMstlUing."— jBoAfMT cf the Union. 

Dussaace* Praetical Treatise 

On thb Fabrication of Matches, Gun Cotton, and Fulmi- 
nating Powdjibs. B)r Prof. H. Bus sauce. (In press.) 

CONTENTS.— Phosphorus. — History of Phosphorus ; Physical 
Properties ; Chemical Properties ; Natural State ; Preparation of 
White Phosphorus ; Amorphous Phosphorus, and Benoxide of Lead. 
lfuicA«jr.— Preparation of Wooden Matches; Matches InflamoiAblo by 
rubbing, without noise : Common Lucifer Matches : Matches without 
Phosphorus; Candle Matches; Matches with Amorphous Phospho* 
rus ; Mat<:he8 and Rubbers without Phosphorus. Gun Cotton,— Proncr^ 
ties ; Preparation ; Paper Powder ; use of Cotton and Paper Powaera 
for Fulmlnatiog Primers, etc.; Preparation of Fulminating Primers, 
etc., etc. 

Dassance. Chemical Receipt Book: 

A General Formulary- for the Fabrication of Leading 
Chemicals, and their Application to the Arts, Manufac- 
tures, Metallurgy, and Agriculture. By Prof. H. Dug- 
sauce. (In press.) 

7 
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DYHSQ, OAUOO FEnmNQ, OOLOBS, OOTTOH SPII- 

Hnra, asd woolen mahhtaotube. 

Baird. The AmericaD Cotton Spinner, and 
Manager's and Carder's Guide; 

A Practical Treatise on Cotton Spinning ; giving the Di- 
mensions and Speed of Machinery, Draught and Twist 
Calcalations, etc.; with Notices of recent Improvements : 
together with Rales and Examples for making changes 
in the sizes and numbers of Roving and Yarn. Com- 
piled from the papers of the late Robert H. Baird. 
12mo $1.25 

Capron De Dole. Dassaace. Blues and Car- 
mines of Indigo : 

A Practical Treatise on the Fabrioation of every Commer 
oial Product derived from Indigo. By Felioien Capron 
de Dole. Translated, with important additions, by Pro- 
fessor H. Dussauce. 12mo $2.50 

Chemistry Applied to Dyeing. 

By James Napier, F. C. S. Illustrated. 12mo $2.00 

CONTBNTS.-Oen^^ Properties qf Jfa««r.— Heat, Light, Eto> 
meats of Matter, ChemlCAl Afflaitv. yon-Met€dHc Smbetanoeg.^-Oxjftexi, 
Hydrogen, Nitrogen, Chlorine, Sulphur, Selenium, PhoBphorus, Iodine, 
Bromine, Fluorine, Slllcum, Boron, Carbon. MdcUlte Substances.— 
General Properties of Metals, Potassium, Sodium, Lithium, Soap, 
Barium. Strontium, Calcium, Magnesium, Almlnum, Manganese, Iron, 
Cobalt, Nickel, Zinc, Cadmium, Copper, Lead, Bismuth, Tin, Titanium, 
Chromium, Vanadium, Tungstenum or Wolfram, Molybdenum, Tellap 
rium, Arsenic. Antimony, Uranium, Cerium, Mercury. Silver, Gold, 
Pl-itinum, Palladium, Iridium, Osmium, Rhodium, Lantiianium. Mor- 
dnnts.—Red Spirits, Barwood Spirits, Plumb Spirits, Yellow Spirit*, 
Nitrate of Iron, Acetate of Alumina. Black Iron Liquor, Iron and Tin 
for Royal Blues, Acetyl te of Copper. VegdcMe Matters used in Dj^elnf, — 
Galls, Sumach, Catechu, Indigo. Logwood. Brazil-woods, Sandal-wood, 
Barwood, Camwood, Fustic, Young Fustic, Bark or Quercitron, Fla- 
vine, Weld or Wold. Turmeric, Persian Berries, Safflower, Madder, 
MuDJeet, Annota, Alkanet Root, Archil. Prt/posrd Sew VegettMe 
Z>j/««.~Sooranjee, Car^^juru, Wongshy, Aloes, Pittacal, Barbary Root. 
Aniin/U Matters used in Dyeing. ■^CochlneaAt Lake or Lao, Kermt. 

This will be found one of the most valuable books on the sut^ect of 
dyeing, ever published in this country. 

Dussauce. Treatise on the Coloring Matters 
Derived from Coal Tar; 

Their Practical Application in D7«ing Cotton, Wool, and 
8 



^ilk ; the PrJQcip|es of the Art ofDjoingand pf the iin- 
tillatiou of Coal Tar ; with a Description of the most Im- 
portant New Dyes now in use* By ProlesBor H. Das- 
sauce, Chemist. 12mo ..*.*... $^.50 

CONTSKTS.— Historical Notice of the Art of Dyelng^-Cltemioal 
Priaciples of the Art of Dyeing— Preliminary Preparation of Stuffb— 
Mordantt— Dyeing^On the Coloring Matters produoed by Coal Tar~ 
Distillation of Coal Tar— History of Aniline— nopterttes of Aniiine*- 
Prei^arfttionof Aniline directly from Coal Tar^Anlflolal PreparatMn 
of AnlMne— Preparation of Benzole — Properties of Benzole— Prepara- 
tion of Nitro-Benzole— Transformation of Nitro-Bensole into Aniline, 
by means of Sulphide of Ammonium ; by Nascent Hydrogen ; by Ace- 
tate of Iron ; and by Arsenite of Potash— Properties of the Bi->litro- 
Benzole— Aniline Pu rple— Viollne — Roseine — Emeraldlne — Bleu de 
Paris— Futschlne, o> Magenta— Coloring Matten obtained by other 
baaes from Coal Tar~!^tro80-Fhienyline— OM Nltro-Aniline-«-£ntpo- 
Hienyline-^Pioric Acid— Rosollc Add— Qolnoline— Naptb^line Colors 
— Chloroxynaphthallc and PerchloroxynapthaUo AaIos— Garminaph* 
tha— Ninaphthalamine— Nitrosonaphthallne— Napfathamein— Tar Red 
—A;Euline— Application of Coal Tar Colors to the Art of Dyeing and 
Calico Printing— Action of Light on Coloring Matters from Coal Tar 
—Latest Improrementa in the Aft of Dyeing^Chrysammio Aeid— Mo« 
lybOio and Picric Acids— Extract of Mwlaet^Theory of the Fixation 
of Coloring Matters In Dyeing and Printing— Principles of the Action 
of the most important Mordants— Aluminous Mordants— Ferruginous 
Mordants— Stanniferous Mordant*— Artificial Alizarln~-MetaUio Hy- 
posulphites as JMordnnts— Dyer's Soap — Prepaiation of Indigo for Dye* 
Ing and Printing— Relative value of Indigo— Chinese Green Murexide. 

Dyer and Color-maker's Companion,: 

Containing upwards of two hnndred Receipt6 for malcing 
Colorsi on the most approved principles, for all the 
varions styles and fabrics now in existence ; with the 
Scouring Process, and plain Directions for Preparing, 
Washing-off, and Finishing t^^e Goods. Second edition. 
In one volume, l2mo ..•..: 75 



Fren€h Dyer, (The) : 



Comprising the Art of Dyeing in Woolen, Silk, Cotton, 
etc., etc. By M. M. Riffaalt, Vernand, De Pontenelle, 
Thillaye, and Mallepeyre. (in press,) 

Love. The Art of Iheing, Cleaning, Scouring, 
and flushing, 

Ok the Most Approved KiraLisH and Pbes^h Methods ; 
being Practical Instructions in Dyeing Silks, "Woolens 
and Cotjtons, Feathers, Chips, Straw, etc.. Scouring and 
Cleaning Bed and Window Curtains, Carpets, Rugs, etc., 
French and English Cleaning, any Color or Fabric of 
Silk, Satin, or Damask. By Thomas Love, a working 
Dyer and Scourer, lii one volume, 12iiio ^3.00 
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O'Neill. Chemistrr of Calieo Printiiig, Dye- 
ingj and Bleaehing ; 

Inolnding Silken, Woolen, and Mixed Qoods ; Practical 
and Theoretical. B7 Charles O'Neill. (Liprm.) 

O'Neill. A Dictionarj of Calico FrintiBg aad 
Dyeing. 

B7 Charles O'NeUL (In prem. ) 

Scott. The Praetieal Cotton-spinner and Man- 
nfactnrer; 

Ob, Thb Mjivaoxb and Ovbblookbb'b Compaviov. This 
work contains a Comprehensive System of Calculations 
for Mill Qearlng and Machinery, from the flrst Moring 
Power, through the different processes of Carding, Draw- 
ing, Slabbing, Boring, Spinning, and Weaving, adapted 
to American Machinery, Practice and Usages. Compen- 
dions Tables of Tarns and Reeds are added. Illnstrated 
by large Working-Drawings of the most approved Ameri- 
can Cotton Machinery. Complete in one volume, oc- 
tavo ^•...13.60 

This edition of Seott't Cotton-Spinner, by Oliver Byrne, is designed 
for the American Operative. It will be round intensely praetieal, and 
firill be of the greatest possible value to the Manager. Overseer, and 
Workman. 

Sellers. The Color*miier. 

By John Sellers, an Experienced Practical Workman. 
To which is addied a Catbcbism of Chbmistbt. In one 
Tolnme, 12mo. {lhpre$s.) 

Smith. The Dyer's Instmetor; 

Comprising Practical Instmotions in the Art of Dyeing 
Silk, Cotton, Wool and Worsted, and Woolen Goods, as 
Single and Two-colored Damasks, Moreens, Camlets, 
Lastings, Shot Cobonrgs, Silk Striped Orleans, Plain Or- 
leans, from White and Colored Warps, Merinos, Woolens, 
Tarns, etc.; containing nearly eight hundred* Receipts. 
To which is added a Treatise on the Art of Padding, and 
the Printing of Silk Warps, Skeins and Handkerchiefs, 
and the various Mordants and Colors for the different 
10 
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ftyles of fluoli work. B7 Darid Smith, Fatiern Dyer. 
A new edition, in one Tolnme, 12mo $3.00 

OOlTTBarrB.— Wool Dyeing, ao receipts—Cotton Dyeing, 6a re- 
oeipti— 8Uk Dyeing. 60 reoeIpt»^ woolen Tarn Dyeliir, M reeelptt— 
Wonted Tarn Dyeing, 61 reoelpts— Woolen Dyelngi m reoelpte— D»- 
matk Dyeing, 40 reoeiptth-Moreen Dyeing, 68 reoen>ta— Two-Ck>lored 
Damaak Dydng, 21 reeelpta— Camlet Dyelnig, 91 reoelpt«— Laatlng Dye- 
lngi 86 reoelptt— Shot Cobonrr Dyeing. 18 reoetpte Bilk Strlpea Oi^ 
leant, from Blaek, White, ana Colorea Warpt, 96 reeelpta— Oolored 
Orleane, from Blaek Warps, 16 reoelpti— Colored Orleans and Co- 
bourgs, from White Warps, 77 reoelpts— Colored Merinos, 41 receipts 



^ ^ t>m White warps, . 

—Woolen 8hawl Dyeing, 16 receipts— Padding, 49 reeelpts— SUk Warp, 
Skein, and HandkercUex Frintlitf , 66 reoelpts— Nature and Use of Dye- 
wares, Including Alum, Annotta, Arohllf Ammonia, Argol, Super 
Algol, Camwood, Catechu, Cochineal, Chrome, or Bichromate of rot- 
ash, Cudbear, Chemlc, or sulphate of Indigo. French Berry, or Persian 
Betry, Fustic or Toung Fustlo, Galls, Indigo, Xennes or Las Dye, 
Logwood, Madder, Nitric Acid or Aqua Fortls, Nitrates. Ozallo lln, 
Feachwood, Fruulate of Potash, Quercitron Bark, Safllower, Sauo- 
ders or Red Sandal, Sapan Wood, Sumach, Tiirmerlo, Examination of 
Water by IteU, etc., etc. 

Tonstain. A Practical Treatise oil the Woolen 
Manufacture. 

From the Frenoh of M. Tonstain. (/» f^reii.) 

Ulrieh. Dnssance. A Complete Treatise 

Ok tbb Abt of Dtbiitg Cotton and Wool, as praotisbd in 
Pabxs, Roubn, Mulhoubb and Gbbmant. From the French 
of M. Louis Ulrieh, a Praotical Dyer in the prinoipsl 
Mannfaotories of Paris, Ronen, Mnlhonse, etc., eto. ; to 
which are added the most important Reosipts for Dyeing 
Wool, as practised in the Mannfaotore Imperials dea 
Gobelins, Paris. By Professor H. Dnssaaco. 12mo..|3.0O 

CONTENTS.* 

Rouen Dyei, 106 Recelpti. 

Aliaee " SS6 " 

German « lOS " 

Mulhouae <« 13 " 

Parlflan « 66 " 

Gobeirna ** 100 ** 
In all nearly 100 Beoeipti. 



Easton. A Practical Treatise on Street or 
Horse^power Hallways; 

Their Location, Construction and Management; with. 
general Plans and Rules for their Organiiation and Ope- 
ration ; together with Examinations as to their Compara* 

11 
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tire AdvanUges orer the Omnibus System, and Inquiries 
as to their value for Inyestment ; including Copies of 
Municipal Ordinances relating thereto. Bj Alexander 
East on, C. B. Illustrated by twenty-three plates, 8vo., 
oloth • $2.00 

Examioations of JDrags^ Medicine!!, Chemiealsi 
etc., 

As to their Purity and Adulterations. By G. H. Peirce, 
M. D. 12mo., olofth $2*00 

Fisher's Photogenic Manipalation. 

Itfmo., cloth 62 

Gas aitd Ventilation; 

A Practical Treatise on Gas and Ventilation. 3y IS. B. 
Perkins. 12mo., oloth > 75 

Gilbart. A Practical Treatise on Banking. 

By Jajfies WiUIam <MlVlfft, V.1L&. A new enlarged and 
improved edition. Edited by J. Smith Homans, editor 
of ** Banker's Magaaine." To which is added *' Money,*' 
by H. C. Carey. 8vo $3.00 

Gregory's Mathematics for Practical Men; 

Adapted to the Pursuits of Surveyors, Architects, Me- 
chanics and Civil Engineers. 8vo., plates, cloth... fl. 50 

Hardwich. A Manual of Photographic Cheui* 
istry; 

Includiug the practice of the Collodion Process. By J. 
F. Hardwich. {Inpreu*) 

nay. The Interior Decorator; 

The Laws of Harmonious Coloring adapted to Interior 
Decorations ; with a Praotioal Treatise on House Paint- 
ing. By D. E. Hay, House Painter and Decorator. Il- 
lustrated by a Diagram of the Primary, Secondary and 
Tertiary Colors. 12mo. {Inprei$,) 
12 
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Inventor's Guide— Patent Office and Patent 
Laws: 

Or, a Quide to Inventors, and a Book of Reference for 
Judges, La«7yors, Magistrates, and others. By J. Q. 
MOore. l2mo., cloth $1.00 

Jervis. Railway Property. A Treatise 

Ov THE CovsTBucTioir AHi> Mavagbxent OP RAILWAYS ; de- 
signed to afford useful knowledge, in the popular Itjle, 
to the holders of this class of property ; as well as Rail- 
way Managers, Offio^re.and Agents. By John B. Jervis, 
late Chief Engiilaer of the Hndaon River Railroad, Cro- 
ton Aqueduct, etc. One volume, 12mo., cloth ..fl.50 

CONTSNTS. *- Prafaoe— Introduetton. Oofuiruetion, -^ Introduc- 
tonr-^Land aod Land DamageB~LooatiOtt of Line— Method of BusineBs 
— Grading— Bridges and Culverts— Road CrossingB— Ballasting Track- 
Cross Sleepers— Chairs and Spikes— Ralls— Station Buildings— Loco* 



motives. Coaches and Cars. pMr«<<Mr.-^Introductory— Fr«lglit<»-Pas- 
sengers- Engine Drivers— Repairs to Track- Repairs of Machinery- 
Civil Engineer— Superintendent— Supplies of Material— Receipts— Cls- 
bursements — Statistics — Running Irains — Competition — Financial 
Management— General Bamarks. 

Johnson. The Coal Trade of British America ; 

With Researches on the Characters and Practical Values 
of American and Foreign Coals. By Walter R. Johnson, 
Civil and Mining Bngineer and Chemist. 8vo ^2.00 

This volume contains the results of the experimenta made for the 
Xayy Department, upon wbtob their Coal contrasts are now^ baeed. 

Johnston. Instrnctions for the Analysis of 
Soils, Limestones and Manures. 

, By J. F. W. Johnston. l2mo 38 

Larkin. The Practical Brass and Iron Found- 
er's Guide} 

A CQn9ifle Treatise on the Art of Brasa Founding, ^ould- 
ing^ etc.. iBjr James Larkin.^ 12mo., cloth ...^l.OO 

Leslie's (Miss) Complete Cookerjj 

Directions for Cookery in its Various Branches. , By Miss 
Leslie. 58th thousand. Thoroughly revised ; «irith the 
addition of New Receipt's. In one volume, 12mo., half 

hound, or in sheep ...$1.00 

13 
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Leslie's (Miss) Ladies' Honse Book; 

A Manaal of Domeatio Economy. 20tlL reriMd edition. 
12mo., shoep $1.00 

Leslie's (Miss) Two Hundred Receipts in 
French Cookery. . 

Cloth, 12mo ^..: 25 

Lieber. Assayer's Guide; 

Or, Practical Direotiona to Aaaayen, llinen and Smelters, 
for the Tests and Assays, bj Heat aai by Wet Processes, 
of the Ores of all the principal Metals, and of Qold and 
SilTer Coins and AUojs. Bj Osoar M. Lieber, late Geolo- 
gist to the State of Mississippi. 12mo. With illustra- 
tions 75 

" Amonr the iii<lispeaiable works for ttais pnrpoM, la this Uttle 
fuide/'— Irliaan. 

Lowlg. Principles of Organic and Physiologi- 
cal Chemistry. 

By Dr. Carl Lowlg, Doctor of Medicine and .Philoeophj ; 
Ordinary Profeasor of Chemistry in the Universitj of 
Ziirjch ; Author of ** Chemie des Organischen Verbiudun 
gen." Translated bjr Daniel Breec^ M. D., of the U. 8. 
Patent Office ; late of the Laboratory of Liebig and Lowig. 
8to., sheep $3.50 

Marble Worker's Manna! ; 

^ Containing Practical Information respecting Marbles in 
general, their Cutting, Working and Polishing, Veneei^ 
ing, etc., eto. 12mo., cloth - $1.00 

Miles. A Plain Treatise on Horse-shoeing. 

With Illustrations. By William Miles, Author of < The 
Horse's Foot." ., 76 

Morfit. The Arts of Tanning, Cnrrying and 
Leather Dressing. 

Theoretically and Practically Considered in all their De- 
tails ; being a Full and Comprehensive Treatise on the 
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MannfAotare of tbe Yarioas Kinds of Leather. lUas- 
trated by over two hundred Engravings. Bdited from the 
Vrench of De Fontenelle and Malapejere. With nn- 
merona Smendationa and Additions, hy Campbell Morfit, 
Praotioal and Analytioal Chemist. Complete in one vol- 
'nme, ootavo $10.0(i 

This Important Treatise will be found to cover the whole field in ' 
the most masterly manner,, ancUit Is believed that In no other brnnch 
Of applied Mienoe oould more signal servloe be rendered to American 
Manufactures. 

The publisher is not aware that in anv other work heretofore iRBiied 
in this country, more space has been devoted to this subject thnn a 
single chapter ; and in ofR^ring this volume to so laree and Intelligent 
a class as American Tanners and Leather Dreflaera, he feel? contldcnt 
of their substantial support and encouragement. 

OONTSKT8.— Introduction— Dignity of Laboi^-Tan and Tannin 
—Gallic Add— Extractive-Tanning Materia la— Oak Barks— BarkiiiK 
of Trees— Method of Estimating the Tanning Power of Astringent 
Substances— Tan— The Structure and CompoMtion of Skin— Different 
Kinds of Skin suitable for Tanning— Preliminary Treatment of Skins 
—Tanning Process— Improved Proceasea- Vauquelln's Process— Ac- 
celerating Processes— Keaaley's, TrumbulPs, Hlbbard's, and Leprleur's 
Processes— Tanning with Extract of Oak-Bark— Hemlock Tanning— 
With Myrtle Plant— English Harness Leather— Calf Skins— Goat and 
Sheep Skins— Horse Hides— Buck. Wolf and Dog S&lns— Buifalo, or 
«* Grecian" Leather-Russia Leather-Red Skins— Wallachia Leather 
—Mineral Tanning— Texture and Quality of Leather, and the means 
of Discovering its Defects— Tawing— Hungary Leather— Oiled Leather 
—Tanning as practised by the Mongol Tartars— Shagreen— Parchment 
—Leather Bottles— Tanning of Cordage and Sail Cloth— Glazed or 
"Patent" Leather— Helverson's Process for Rendering Rides Hard 
and Transparent— Currying— Curryinsc of Calf Skins- Currying of 
Goat Skins— Red Leather— Fair Leather— Water Proof Dressing— 
Perkins' Machine for Pommelling and Graining Leather— Splitting, 
Shaving, Kleshing and Cleansing Machines— Emoossing of Leather- 
Gut Dressing. 

Morfit. A Treatise on Chemistry 

AppLtBD TO THB MAimvACTCBB OF SoAP AiTD Caitdlbs ; being 
a Thoi^ugh Ezpoaition, in all their. Minntise, of the prin. 
oiples and Practice of the Trade, based upon the most 
reoent Diaooveries in Soieaee and Art. By Campbell 
Morfit, Profesflor of Analytical and Applied Chemistry in 
the University of Maryland. A new and improved edi- . 
tlon. ninatrated with 260 Engravings on Wood. Com- 
plete in one volume, large 8vo ^6.00 

COKTHNTB.— CHAPTEB L The History4>f the Art and its Rela- 
tions to Soienoe— IL Chemieal Combination— III. Alkalies and Alka- 
line Earths— IV. Alkallmentary— V. Adds— VI. Origin and Composi- 
tion of Fatty Matters— VII. Saponiflable Fats— Vegetable Hits— Ani- 
mal Fats— waxes— VIII. Action of Heat and Mineral Acids of Fatty 
Matters— IX. VoUtUe or Essential Oils, and Resins— X. The Proxf- 
mate Principles of Fats— Their Composition and Properties— Basic 
Constituents of Fats— XI. Theory of Saponification- XII. Utensils 
Requisite for a Soap Factory— XIII. Preparatory Manipulations in 
tke Pteoess of Makug Sofp— Preparation of the Lyee— XIV. Kara 
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Soapf— XV. SoR SoAiM— XVI. Softps bv the Cold Proeew— XVII. ttli- 
cAted Soaps—XVIII. Toilet Soaps— XIX. Patent Soaps—XX. Fraud 
and Adulterations in the Manufacture of Soap— XXI. Candles— XXIL 
Illumination— XXIII. Philosophy of Fli^me— XXIV. Raw Material 
for Candles— Puriflcatlon and Bleaohinffof Su«t— XXV. Wicks— XXVI. 
Dipped Candles— XXVII. Moulded Candles— XXVIII. Stearin Can<lle« 
—XXIX. Stearic Add Candles-" Star" or '* Adamantine" Candles— 
Saponification by Lime— Saponification by Lime and Sulphurous Acid 
— Saponlfloation by Sulphuric Acid— Saponification by the combined 
action of Heat, Pressure and Steam«-XXX. Spermaceti Candles — 
X.tXI. Wax Candles— XXXIL Composite Candlee—XXXUL Paraffla 
—XXXIV. Patent Candles— XXX V. Hydrometers and Thermometers. 

Mortimer. FjTOteehnist's Companion: 

Or, a Familiar System of Fire-works. By G. W. Morti- 
mer. Illustrated by numerous Engxavings. 12mo... 75 

Napier. Manual of Electro-Metallargy; 

Including the Application of the Art to Manufacturing 
Processes. By James Napier. From the second London 
edition, revised and enlarged. Illustrated bj Engrar- 
ings. In one volume, 12mo $1.50 

Napier's Electro-Metallurgy i»isenerall j regarded as the very best 
Practical Treatise on the Sutaject in the English Language. 

CONTENTS.— History of the Art of Electro-Metallurgy— Descrip- 
tion of Galvanic Batteries, and their respective PcculiftrUlea— Ele(v 
trotype Processes— Miscellaneous Applications of the Process of Coat- 
ing with Copper— Bronzing — Decomposition of Metals upon one 
jinother— Electro- Plating— Electro-Gilding— Results of Experiments 
on the Deposition of other Metals as Coatings, Theoretical Observa- 
tions. 

Norris's Hand-book for Locomotive Engineers 
and Machinists; 

Comprising the Calculations for Gomtrueting Locomo- 
tives, Maimer of setting Valves, etc., etc. By Septimus 
Is'orrLS, Civil and Mechanical Bngiaeer. In one volume. 
12mo., with Illustrations $1.50 

'* With pleasure do we meet with raoh a work as Messrs. Norris 
and Baird have given u%."—Artizan. 

*' In this work he has given us what are called Hhe secrets of the 
business,' In the rules to construct locomotives, in order that the mil- 
lion should be learned in all things. ''—JMeni^ American. 

?Jystrora. A Treatise on Screw-Propellers and 
their Steain>Eiigine8; 

With Practical Rules and Examples by which to Oaleti- 
late and Construct the same for Uny description of Ves- 
sels. By J. W. Nystrom. Illustrated by over thirty 
large Working Drawings. In one volume, octayo...f3.5>0 
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Ovennan. The Manufacture of Iron in all its 
Various Branches; 

To which is added an Essay on the Manufacture of Steel. 
By Frederick Overman, Mining Engineer. ' With one 
hundred and fifty Wood Engravings. Third edition. In 
one volume, octavo, five hundred pages ^o.OO 

" We have now to announce the upppi^rance of another valuable 
work on the Bubjecfc, which, In our humble opinion, supplies any defl- 
clency which late improvement* and c!ispoverif»s may have caused, 
from this lapse of time since the date of * Muahct' and'Schrlvenor.' 
It is the production of one of our Trans- Atlantic brethren, Mr. Fred- 
erick Overman, Mining Engineer ; and we do not hesitate to set it 
down as a work of great importance to all connected with the iron in- 
terests : one which, while It is sufBciently technological fully to ex- 
Slain chemical analysis, and the various phenomena of iron under 
liferent circumstances, to the satisfaction of the most fastidious. !■ 
written in that clear and comprehensive style as to b€f available to the 
capacity of the humblest mind, and consequently will be of much ad- 
vantage to those works where the proprietors may see the desirability 
of placing it in the hands of their operatives."— Lotufon Mininfi 
Journal. 

Painter, Gilder and Yamisher's Companion; 

Containing Rules and Regulations in every thing relating 
to the Arts of Painting, Gilding, Varnishing and Glass 
Staining ; with namerous useful and valaable Receipts ; 
Tests for the detection of Adulterations in Oils and 
Colors ; and a statement of the Disetises and Acoidents to 
which Painters, Gilders and Varnishers are particularly 
liable, with the simplest methods of Prevention and 
Remedy. Eighth edition. To which are added Complete 
Instrnctions in Graining, Marbling, Sign Writing, and 
Gilding on Glass. 12mo., oloth 75 

PaperHanger's (Tlie) Companion; 

In which the Practical Operations of the Trade are sys- 
tematically laid down; with copious iJirectlons Prepara- 
tory to Papering ; Preventions against the effect of Damp 
in Walls ; the varioas Cements and Pastes adapted to 
the several purposes of the Trade ; Observations and Di. 
rections for the Panelling and Ornamenting of Roonas, 
etc., etc. By James Arrowsmith. In one volume, 
12mo /. 75 

Praclical (The) Surveyor's Guide; 

Containing the necessary information to make any per- 
son of common oapaoity a flniihed Land Sarveyor, with- 
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out the aid of & Teacher. By Andrew Danean, Land 
Surveyor and Civil Engineer. 12mo 75 

HaTiDg had an experience as a Practical Surveyor, etc., of thirty 
^ears. It ii believed that the author of this volume possesses a thorough 
knowledce of the wants of the profession ; and never having met with 
any work sufficiently concise and instructive in the several details 
necessary for the proper qualification of the Surveyor, it has been his 
object to supply that want. Among other important matters in the 
book, will t»e found the following : 

Instructions in levelling and profiling, with a new and speedy plan 
of setting grades on rail and plank roads— the method of inffeeting 
curves — the description and design of a new instrtiment, whereby dis- 
tances are found at once, without any calculation— a new method of 
surveying any tract of land by measuring one line through it— a geo- 
metrical metnod of correcting surveys taken with the compass, to fit 
them for calculation— a short method of finding the angles from the 
courses, and vice «er«a— the method of surveying with the compass 
through any mine or iron works, and to correct the deflections of the 
needle by attraction— description of an instrument by the help of 
which any one may measure a map by inspection, without calculation 
—a new and short method of calculation, wherein fewer figures sre 
used— the method of correcting the diurnal variation of the needle 
—various methods of plotting and embellishing mapa— the most cor- 
rect method of laying off plots with the pole, etc.— description of a 
new compass contrived by the author, etc., etc. 

Railroad Engineer's Pocket Companion for tiie 
Field. 

By W. Oriswold. 12ino., tucks $1.00 

Riddeil. The Elements of Handfiaiiing : 

Being the most Complete and Original Exposition of this 
Branch of Carpentry that has appeared. By Robert 
Riddeil. Third edition. Enlarged and improved. Il- 
lustrated by 22 large plates. 4to., cloth $3.00 

Rural Chemistry; 

An Elementary Introduction to the Study of the Science, 

in its relation to Agriculture and the Arts of Life. By 

Edward Solly, Professor of Chemistry in the Horticul- 

taral Society of London. From the third improved Lon- , 

don edition. 12mo $1.25 

Shunk. A Practical Treatise i 

Ok Railway Cttrves, and Locattost for Yottjtg EironrEBBS. 
By Wm. F. Shunk, Civil Engineer. 12mo $1.01 

Strengtli and Other Properties of Metals; 

Reports of Bxperiments on the Strength and other Pro- 
18 
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periiea of MetslB for Cannon. With & Description of the 
Machines for Testing Metals, and of the Classification of 
Cannon in service. By Officers of the Ordnance Depart- 
ment U. S. Army. By authority oif the Secretary of 
War. Illustrated by 25 large steel plates. In one vol- 
ume, quarto $10.00 

Hie beet T^«atise on Csaidroa extant. 



Tables Showing the Weight 



Of Round, Squabb asd Flat Bab Ibon, Stbbl, etc., by 
Measurement. Cloth 50 

Tarlor. Statistics of Coal; 

Inoludiifg Mineral Bituminous Substances employed in 
Arts and Manufactures ; with their Geographical, Qeo- 
logioal and Commercial Distribution, and Amount of Pro- 
duction and Consumption on the American Continent. 
With Incidental Statistics of the Iron Manufacture. By 
B. C. Taylor. Second edition, revised by S. S. Halde- 
man. Illustrated by fiye Maps and many Wood Bngrav- 
ings. 8vo., cloth Je.OO 

Templetoh. The Practical Examinator on 
Steam and the Steam Engine ; 

With Instructiye References relative thereto, arranged 
for the use of Engineers, Students, and others. By Wm. 
Templeton, Eng^m^er. 12mo *I& 

This work was orlffliiany written for the author's prlrate use. He 
was prevailed upon by various Engineers, who had seen the notes, to 
consent to its publication, from their eager expression of belief that 
It would be equally useAU to them as it had been to himselfl 

Tin and Sheet Iron Workers Instractor; 

Comprising complete Descriptions of the necessary Pat- 
terns and Machinery, and the Processes of Cftlculating 
Dimensions, Cutting, Joining. Raising, Soldering, etc., 
etc. With numerous Illustrations. {In press,) 

Treatise (A) on a Box of Instruments, 

And the Slide Rule ; with the Theory of Trigonometry 
and Logarithms, including Practical Geometry, Survey 
Ing, Measuring of Timber, Cask and Malt Gauging 
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Heights and Distaooes. By Thomas Kentish. In one 
volume, 12mo $1.00 

A volume of Inestimable value to EngloeerB, Gaugers, Students, and 
oUiers. 

TiirubuU. The Electro*MagQetic Telegraph: 

With an Historical Aooount of its Rise, Progress, and 
Present Condition. Also, Practical Suggestions in regard 
to Insulation and Proteotion from the Effects of Light- 
ning. Together with an Appendix containing several 
important Telegraphic Devices and Laws. 'Bj Lawrence 
Turn bull, M. D., Lecturer on Technical Chemistry at the 
Franklin Institute. Second edition. Revised and im- 
proved. Illustrated hy numerous Engravings. 8vo..|2.00 

Turner's (The) Companion; 

Containing Instruction in Conoentrio, EUipticand Eccen- 
tric Turning ; also various Steel Plates of Chuoks, Tools 
and Instruments ; and Directions for Using the Eccentric 
Cutter, Drill, Vertical Cutter and Rest ; with Patterns 
and Instructions for working them. 12mo., cloth 75 

Bell. Carpentry Made Easy; 

Or, The Science and Art of framing, on a New and Im- 
proved System ; with Speoific Instruotions for Building 
Balloon Frames, Barn Frames, Mill Frames, Warehouses. 
Church Spires, etc. ; comprising also a System of Bridge 
Building ; with Bills, Estimates of Cost, and Valuahle 
Tables. Illustrated by 38 plates, comprising nearly 200 
figures. By William E. Bell, Architect and / Practical 
Builder. 8vo $3.60 



SOCIAL SCIENCE. 

THE WOBKS OF HEKEY C. CABEY. 



" I challenge the production from among the writers on political 
economy of a more learned, philosophical, and convincing speculator 
on that theme, than my distinguished fellow-citizen, Henry C. Carej*. 
The works he has published in support of the protective policy, are 
remarkable for profound research, extensive range of inquiry, ran* 
logical acumen, and a consummate knowledge of history." — Speech of 
Hon. Edward Joy Morrit, in the Howe qf B^eentaHva of the United 

ale,,F0wary ,1800. 



TWUBBXD BY HXHBY OABBT BA^B. 
TH£ WORKS OF HENRT C. CAR£T. 

" Henry C. Cm«t, the best known and ablest economiit of Nortb 
America. • • • • • In Europe he ia principally known by hlB 
Btriking and original attacks, based upon the peculiar advantages of 
Ameriesn experience, on some of the principal doctrinea, eapeeiallr 
Malthas' * Theonr of Population* and Rlcardo's teachings. His riews 
hare been lareefy adopted and thoroughly discussed in Europe. **<- 
** VU GfmuM PoUHcttl Lexicon » Edited by BimtiUchH end Bfiier. Leiptic, 
1868. 

^ We believe that your labors mark an era in the science of political 
economy. To your researches and lucid arguments are we indebted 
for the explosion of the absurdities of Malthns. Say, and Rieaido. in 
regard to the inability of the earth to meet the demands of a growing 
population. American industry owes you a debt which cannot l>e re- 
paid, and which it will ever be proud to acknowledge.— fVosi « Letter 
of Bon. George W. Sernnian, M. C. Hon. WiOimm Jetenp, and over eixiy 
i^ftuenUml cUiattne of Luzerne Ckntnig, Fennenivania, to Henry C. Carey, 
AjffH 8, 1869. 

Finsmcial Crises: 

Their Canses and Effects. 8to., paper 25 

French and American Tariffs, 

Compared in a Series of Letters addressed to Mons. M. 
GhoTalier. 8to., paper , 15 

Harmony (The) of Interests; 

Agricnltnral, Blannfacturing and Commercial. 8to., 

paper 75 

Cloth $1.25 

■* We can safely recommend this remarkable work to all who wish 
to Investigate the causes of the progress or decline of Indostrial eom- 
mQaiWe%."^Elackwood?t Magazine. 

Letters to the President of the United States. 

8to., Paper 50 

Miscellaneous Works; 

Comprising "Harmony of Intererts," "^oney," "Let- 
ters to the President,'' "French and American Tariffs/' 
and " Financial Crises." One rolnme, 8vo., half bonnd. 

$2.25 



Money; A Lecture 



Before the New York Geographical and Statistical So- 
ciety. 8vo., paper '. 16 



PBAOTIOAIi AND 8CIXNTIFIO BOOKS, 
THE WORKS OF HENRY C. CARET. 

Past (The), the Present, and the Fntnre. 

8vo $2.00 

12mo $1.25 

" Full of ittportMit facts bearing on topics that are now agitating 
all Europe. * • • These quotations will only whet the appetite 
of the soientlfio reader to devour the whole work. It is a book full of 
valuable information."— JBconomiif. 

*' Decidedly a book to be read by all who take an interest in the pro- 
gress of social soienoe."— ffpMfolor. 

"A Southern man mvselt never given to tariff doctrines, I confess to 
have been convinced by his reasoning, and, thank Heaven, have not 
now to learn the difference between doned obstinacy and oonsistency. 
' Te gods, give us but Itriit I* should be the motto of every inquirer 
After truth, but for far different and better purposes than that which 
prompted the exclamation."— 7%c late John 5. Skinner. 

" A volume of extensive information, deep thought, high intelli- 
gence, and moreover of material utility."— iUmAm Morning Advertiter. 

" Emanating fh)m an active intellect, remarkable for distinct views 
and sincere oonvictions.''--^r(fannia. 

'* * The Past, Present, and Future.' is a vast summary of progressive 
philosophy, wherein he demonstrates the benefit of political economy 
in the onward progress of nAnkind, which, ruled and directed by over* 
whelming influences of an exterior nature, advances little by little, 
until these exterior influences are rendered subservient in their turn, 
to increase as much as possible tlie extent of their wealth and riches." 
—Dictionnaire UniveneC de» Oontemporaint, Par G. Vapereau. Parii, 
1868. 

Principles of Social Science. 

Thr«« volames, 8to., oloth $7.50 

CONTSNTS.— Volume I. Of Science and ita Methods— Of Man, 
the SulQect of Social Science— Of Increase in the Numbers of Mankind 
—Of the Occupation of the Earth— Of Value— Of VTealth— Of the FV» 
mation of Society— Of Appropriation— Of Changes of Matter in Place 
—Of M hanlcal and Chemical Changes in the Forms of Matter. Vol* 
ume II. Of Vital Changes, in the Form of Matter— Of the Instrument 
of Asaocjition. Volume III. Of Production and Consumption— Of 
Accumulation— Of Circulation— Of IMstilbution— Of Ooncentratloa 
and Centralization— Of Competition— Of Population— Of Food and 
Population— Of Colonization— Of the Malthusiaa Theory— Of Com- 
merce— Of the Sooietary Organization— Of Social Science. 

" I have no desire here to reproach Mr. Malthus with the extiems 
lightness of his scientific baggage. In his day, biology, animal and 
vegetable chemistry, the relations of the various portions of the hu- 
man organism, et^. etc., had made but little progress, and it is to the 
general ignorance In referenee to these questions that we must, as I 
mink, look for explanation of the fact that he should, with so much 
confidence, in reference to so very grave a su^ect, have ventured to 
suggest a formula so arbitrary in its character, and one whose hollow- 
ness becomes now so clearly manifest. Mr. Carey's advantage ovar 
him, both as to facts and logic, is certainly due in great part to the 
-progress that has since been made in all the sciences connected with 
life ; but then, how admirably has be profited of them 1 How entirely 
is he au courant of all these branches of knowledge which, whether 
22 
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THB WORKS OF HENRT C. CARET. 

directly or indirectly, ItfiAt upon hia sultject I With what skill doei he 
ask of each and erery of them aU that It can. be made to furnish, 
whether of facta or arguments! With what elevated views, and 
what amplitude of means, does he go forward in his work t Above 
aU, bow thorough in his scientific caution ! Accumulating if^uotlons, 
and presenting for conaideration facts the most undoubted asd proba- 
bilities ol the highest kind, he yet affirms nothing, contenting himself 
with showiDg that his opponent had no good reason for affirming the 
nature of the progression, nor the time of duplication, nor the gene- 
ralization which takes the facts of an individual case and deduces 
from them a law for every race, every climate, every civilization, 
every condition, moral or physical, permanent and tranaient, 
healthy or unhealthy, of the various populations of the many ooun- 
tries of the world. Then, having reduced the theory to the level of a 
mere hypothesis, he crushes it to atoms under the weight of facts."— 
M. De FonUnay in the "J<mmal dea Eamomitlat," Pari*, September^ laas. 

" This book is BO abundantly tall of notices, facts, comparisons, cal- 
culations, ahd arguments, that too much would be lost by laying a 
part of it before tne eye of the reader. The work Is vast and severe 
in its conception and aim. and is far removed flrom the common run 
of the books on similar subjects."— iZ Mondo Letterario, Turin. 

^Ib poUttoal economy, America is /epieaenled by one of the 
strongest and most original writers of the age, Henry C. Carey, of 
PhUadelphia. #»»»»»»♦•»• 

" His theory of Rents is regarded as a complete demonstration that 
the popular views derived from Ricardo are erroneous ; and on the 
sut^ect of Protection, he is generally confessed to be the master- 
thinker of his country."— ^esTminster keview, 

" Both in America and on the Continent, Mr. Henry Carey has ao* 
quired a great name as a political economist. • • • • • 

*< His reftxtatlon of Malthus and Ricardo we consider most triumph- 
ant."— London Criiic. 

" Mr. Carey began his publication of Principles twenty years ago ; 
he is certainly a mature and deliberate writer. More than this, he Is 
readable : his pages swarm with Illustrative facts and with American 
instances. rf**-********* 

" We are in great charity with books which, like Mr. Carey's, theo- 
rize with excessive boldness, when tiie author, as does Mr. Carey, 
possesses information and reasoning power."— London Atherueum. 

" Those who would fight against the Insatiate greed and unscrupu- 
lous mlsTepretentationB of the Manchester school, which we have fre- 
quently exposed, without any of their organs having ever dared to 
make reply, will find in this and Mr. Carey's other works an immense 
store of arms and ammunition. »»♦♦♦•»» 

*' An author who has« among the political economists of Germany 
and France, numerous readers, is worth attentive perusal in £ng- 
land.')— London SMeaman, 

" Of all the varied answers to the old cry of hUman nature. ' Who 
will show us any good ?' none are more sententious than Mr. Carey's. 
He says to Kings, Presidents, and People, * Keep the nation at work, 
and the greater the variety of employments the better.' He Is seek- 
ing and elucidating the great radical laws of matter as regards man. 
He is at once the apostle and evangelist of temporal righteousness." 
—National Intdligencer. 

" A work which we believe to be the greatest ever written by an 
American, and one which will in future ages be pointed out as the 
most successful effort of its time to form the great icfen/ia tcfenftonnn." 
-P*flflde/|>«fl Evening BuUetin, 
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THE WORKS OF HENRY C. CARET. 

The Slave Trade, Domestic and Foreip; 

Why it Exists, and How it may be Extinguished. 12mo., 

clothe $1.25 

a 
CONTENTS.— The Wide Extent of SUyery— Of SliiTerv in the 
British Colonies—or Slarery in the United States— Of EmAncipation 
In the British Colonies— How Man passes ftom Poverty and Slavery 
toward Wealth and Freedom— How Wealth tends to Increase— How 
Labor acquires Value and Man becomes Free— How 9fan passes from 
Wealth and Freedom toward Poverty and Slavery— How Slavery 
fiew, and How it is now maintained in the West Indies— How Slavery 
l^rew, and is maintained in the United States- How Slavery grows in 
Portugal and Turkey— How Slavery grows in India— How Slavery 
grows in Ireland and Scotland — How Slaverv grows in England- 
How can Slavery be extinguished )— How Freedom grows in Northern 
Germany— How Freedom grows in Russia— How Freedom grows in 
Denmark— How Freedom grows in Spain and Belgium — Of the Duty 
of the People of the United States— Of the Duty of the People of Eng- 
land. 

" At a philosophieal writer, Mr. Carey is remarkable for the tinlon 
of comprehensive generalizations with a copious induction of Cscta. 
His research of principles never leads him to the neglect of details: 
nor is his accumulation of instances ever at the expense df universal 
truth. He is, doubtless, intent on the investigation of laws, as the 
appropriate aim of science, but no passion for theory seduces him 
Into the region of pure speculation. His mind Is no lest historical 
than philosophical, and had he not chosen the severer brandi in 
which his studies nave borne such excellent fruit, he would have 
attained an eminent rank among the historians from whom the litera- 
ture of our country hat received such signal illustration.*'— Aew Fork 
Tribune. 



French Politieo'Economie Controversy, 

Between the Supporters of the Doctrines of Caret and 
of those of RiGABDO and Malthtts. By MM. De Fontenay, 
Dnpnit, Bandrillart, and others. lYanslated from the 
"Journal des EconomlBtes," 186^63. (Inpreu,) 

Protection of Home Labor and Home Produe- 
tions 

Necessary to the Prosperity of the American Farmer. 
By H. C. Baird. Paper i3 

Smith. A Manna! of Political Economy. 

By E. Peshine Smith. 12mo., cloth $1.25 
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